REMARKS 

Claims 1-4, 6-9, 11-13 and 15-35 were pending for the second Office Action dated 
January 17, 2001. Claims 1, 2, 4, 6-9, 11-13, 15-19 and 28-32 have been indicated as 
allowable. Claims 3, 20-27 and 33-35 were objected to because of various informalities, but 
were indicated as allowable if rewritten to rectify the cited informalities. In light of the 
following amendments and remarks, reconsideration and allowance of the subject application 
are hereby requested. 

In paragraph 2 of the Office Action, various drawing figures were objected to as 
failing to comply with 37 CFR 1.84(p)(4). Pursuant to 37 CFR 1.121(a)(3)(ii), the Applicant 
has provided proposed drawing changes on a separate paper in accordance with 37 C. F. R. 
§1.121(a)(3)(ii), including proposed changes that address the discrepancies mentioned m the 
prior Office Action dated August 21, 2000. Approval of the proposed drawing changes is 
respectfully requested. The Applicant will submit formal drawings that incorporate the 
proposed changes upon allowance of the subject application. 

In paragraph 5 of the Office Action, the Abstract was objected to under 37 CFR 1.72 
for exceeding 150 words. The Applicant has amended the Abstract to address this objection. 
Withdrawal of the objection to the Abstract is respectfully requested. 

In paragraph 6 of the Office Action, the Specification was objected to because of 
terms that were considered not clear or exact. The Applicant has amended the Specification 
to address each of the cited objections. The Applicant has also examined the Specification for 
additional informalities and has amended the Specification to address numerous 
typographical, grammatical and spelling errors. 
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Due to the large number of amendments made to the Specification, pursuant to 37 
CFR § 1.125(b)(2), the Applicant is filing herewith a marked-up copy of the first marked-up 
substitute specification filed on October 5, 2000. A second substitute specification is also 
being filed herewith in clean form pursuant to 37 CFR § 1.125(c). The second substitute 
specification includes no new matter in accordance with 37 CFR § 1. 125(b)(1). 

In paragraph 7 of the Office Action, claims 3, 20, 25, 33, 35 and the claims depending 
therefrom were objected to because of various informalities. With regard to the objection to 
claim 3, the Applicant respectfully submits that this claim is in proper form. Although claims 
1-3 read on the embodiment of the invention illustrated in FIGS. 1 A-IC, these claims also 
read on other embodiments of the invention, such as, for example, the embodiment illustrated 
in FIGS. 1 lA-1 IC. It is submitted that currently pending dependent claim 3 at least reads on 
the embodiment of the invention illustrated in FIGS. 1 1 A-1 IC, and is therefore considered to 
be in proper form for allowance. The Applicant has addressed the remainder of the objections 
cited in paragraph 7 of the Office Action and respectfully requests withdrawal of the objection 
to claims 3, 20-27 and 33-35. 

The Applicant has also amended several of the claims to improve their form. In claims 1, 6 
and 1 1, the phrase "over the definable range of rotation" has been removed as it appears to be 
superfluous. Additionally, in claims 15 and 28, the second occurrence of "a first radius" has been 
changed to "the first radius" to conform to the established antecedent basis. In claim 25, line 16, the 
term "second set of magnetic flux" has been changed to "third set of magnetic flux" to correspond 
to the subject matter set forth in base claim 20. In claim 31, the phrase "of said first magnet" has 
been inserted after "third pole surface" and "forth pole surface" to distinguish from the third and 
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forth pole surfaces of the second magnet. 


CONCLUSION 


Attached hereto are eighteen (18) pages which present a marked up version of the 
changes made to this application by the current amendment. The first page of the eighteen 
(18) attached pages is captioned " VERSION WITH MARKINGS TO SHOW CHANGES 


In view of the foregoing amendments and remarks, it is respectfully submitted that the 
subject application is now in condition for allowance with pending claims 1-4, 6-9, 11-13 and 
15-35. Reconsideration of the present appHcation, as amended, is respectfully requested. 
Timely action towards a Notice of Allowability is hereby solicited. The Examiner is 
encouraged to contact the undersigned by telephone to resolve any outstanding matters 
concerning the present application. 
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Registration No.: 45,431 
Woodard, Emhardt, Naughton, Moriarty 
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Bank One Center Tower 
1 1 1 Monument Circle, Suite 3700 
Indianapolis, Indiana 46204-5137 
(317) 634-3456 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION: 

Pursuant to 37 CFR § 1.125(b)(2), a second substitute specification has been filed 
herewith pursuant to 37 CFR § 1.125(c). The second substitute specification includes no new 
matter in accordance with 37 CFR § 1. 125(b)(1). 

IN THE CLAIMS: 

Claims 1, 6, 1 1, 15, 20, 25, 28, 31, 33 and 35 have been amended as follows: 

1 . (Twice Amended) A magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis over a definable range of 
rotation, said magnetic rotational position sensor comprising: 

a loop pole piece including a plurality of pole pieces serially adjoined in a closed 
configuration to define an air gap area, a first pole piece of said plurality of pole pieces having 
an inner surface swept out over the definable range of rotation by an outer end of a first radius 
having its opposite end located on a second rotational axis [over the definable range of 
rotation], a second pole piece of said plurality of pole pieces having an inner surface swept 
out over the definable range of rotation by an outer end of a second radius having its opposite 
end located on said second rotational axis; 

a magnet having a first pole surface and a second pole surface to generate magnetic 

flux, said magnet disposed within said air gap area of said loop pole piece, 

wherein said first pole surface of said magnet faces said inner surface of said 

first pole piece and said second pole surface of said magnet faces said inner surface of said 
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second pole piece to enclose said magnetic flux within said loop pole piece whereby a 
magnetic field is established throughout said air gap area, 

wherein said first pole surface of said magnet spatially faces said inner surface 
of said first pole piece to define a working air gap area of said air gap area therebetween, and 

wherein said loop pole piece and said magnet are adjoined to the control shaft 
to synchronously rotate about said second rotational axis for each degree of rotation of the 
control shaft about the first rotational axis over the definable range of rotation whereby each 
degree of rotation of the control shaft about the first rotational axis over the definable range of 
rotation exclusively corresponds to a distinct degree of synchronized rotation of said magnetic 
field about said second rotational axis over the definable range of rotation; and 

a magnetic flux sensitive transducer disposed within said working air gap area, said 
magnetic flux sensitive transducer being operable to sense a magnetic flux density of any 
portion of said magnetic flux passing through said magnetic flux sensitive transducer, 
wherein said inner surface of said first pole piece and said first pole surface of said magnet are 
contoured to arcuately configure said working air gap area therebetween whereby said 
magnetic flux sensitive transducer is operable to sense a different magnitude of magnetic flux 
density for each degree of said synchronized rotation of the control shaft and said magnetic 
field over the definable range of rotation. 

6. (Twice Amended) A magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis over a definable range of 
rotation, said magnetic rotational position sensor comprising: 

Response to Final Office Action 
Serial No. 09/211,538 
Inventor: Zhao 
OurRef.: 3064-128 
Page 24 of 40 



a loop pole piece including a plurality of pole pieces serially adjoined in a closed 
configuration to define an air gap area, a first pole piece of said plurality of pole pieces having 
an inner surface swept out over the definable range of rotation by an outer end of a first radius 
having its opposite end located on a second rotational axis [over the definable range of 
rotation], a second pole piece of said plurality of pole pieces having an inner surface swept 
out over the definable range of rotation by an outer end of a second radius having its opposite 
end located on said second rotational axis; 

a magnet having a first pole surface and a second pole surface to generate magnetic 
flux, said magnet disposed within said air gap area of said loop pole piece, 

wherein said first pole surface of said magnet faces said inner surface of said 
first pole piece and said second pole surface of said magnet faces said inner surface of said 
second pole piece to enclose said magnetic flux within said loop pole piece whereby a 
magnetic field is established throughout said air gap area, 

wherein said first pole surface of said magnet spatially faces said inner surface 
of said first pole piece to define a first working air gap area of said air gap area therebetween 
and said second pole surface of said magnet spatially faces said inner surface of said second 
pole piece to define a second working air gap area of said air gap area therebetween, and 

wherein said loop pole piece and said magnet are adjoined to the control shaft 
to synchronously rotate about said second rotational axis for each degree of rotation of the 
control shaft about the first rotational axis over the definable range of rotation whereby each 
degree of rotation of the control shaft about the first rotational axis over the definable range of 
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rotation exclusively corresponds to a distinct degree of synchronized rotation of said magnetic 
field about said second rotational axis over the definable range of rotation; 

a first magnetic flux sensitive transducer disposed vi^ithin said first working air gap 
area, said first magnetic flux sensitive transducer being operable to sense a magnetic flux 
density of any first portion of said magnetic flux passing through said first magnetic flux 
sensitive transducer, 

wherein said inner surface of said first pole piece and said first pole surface of 
said magnet are contoured to arcuately configure said first working air gap area therebetween 
whereby said first magneUc flux sensitive transducer is operable to sense a different 
magnitude of magnetic flux density for each degree of said synchronized rotation of the 
control shaft and said magnetic field over the definable range of rotation; and 

a second magnetic flux sensitive transducer disposed within said second working air 
gap area, said second magnetic flux sensitive transducer being operable to sense a magnetic 
flux density of any second portion of said magnetic flux passing through said second 
magnetic flux sensitive transducer, 

wherein said inner surface of said second pole piece and said second pole 
surface of said magnet are contoured to arcuately configure said second working air gap area 
therebetween whereby said second magnetic flux sensitive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field over the definable range of rotation. 
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1 1 . (Twice Amended) A magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis over a definable range of 
rotation, said magnetic rotational position sensor comprising: 

a loop pole piece including a plurality of pole pieces serially adjoined in a closed 
configuration to define an air gap area, a first pole piece of said plurality of pole pieces having 
an inner surface swept out over the definable range of rotation by an outer end of a first radius 
having its opposite end located on a second rotational axis [over the definable range of 
rotation], a second pole piece of said plurality of pole pieces having an inner surface swept 
out over the definable range of rotation by an outer end of a second radius having its opposite 
end located on said second rotational axis; 

a first magnet having a first pole surface and a second pole surface to generate a first 
set of magnetic flux, said first magnet disposed within said air gap area of said loop pole 
piece; 

a second magnet having a first pole surface and a second pole surface to generate a 
second set of magnetic flux, said second magnet disposed within said air gap area of said loop 
pole piece, 

wherein said first pole surface of said first magnet faces said inner surface of 
said first pole piece, said first pole surface of said second magnet faces said inner surface of 
said second pole piece, and said second pole surface of said first magnet faces said second 
pole surface of said second magnet to enclose said first set of magnetic flux and said second 
set of magnetic flux within said loop pole piece whereby a magnetic field is established 
throughout said air gap area. 
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wherein said second pole surface of said first magnet spatially faces said 
second pole surface of said second magnet to define a working air gap area of said air gap 
area therebetween, and 

wherein said loop pole piece, said first magnet, and said second magnet are 
adjoined to the control shaft to synchronously rotate about said second rotational axis for each 
degree of rotation of the control shaft about the first rotational axis over the definable range of 
rotation whereby each degree of rotation of the control shaft about the first rotational axis 
over the definable range of rotation exclusively corresponds to a distinct degree of 
synchronized rotation of said magnetic field about said second rotational axis over the 
definable range of rotation; and 

a magnetic flux sensitive transducer disposed within said working air gap area, said 
magnetic flux sensitive transducer being operable to sense a magnetic flux density of a 
portion of a compilation of said first set of magnetic flux and said second set of magnetic flux 
passing through said magnetic flux sensitive transducer, 

wherein said second pole surface of said first magnet and said second pole 
surface of said second magnetic are contoured to arcuately configure said working air gap 
area therebetween whereby said magnetic flux sensitive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said at least one magnetic field over the definable range of rotation. 
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15. (Twice Amended) A magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis, said magnetic rotational 
position sensor comprising: 

a loop pole piece including a plurality of pole pieces serially adjoined in a closed 
configuration to define an air gap area, a first pole piece of said plurality of pole pieces having 
an inner surface swept out over the definable range of rotation by an outer end of a first radius 
having its opposite end located on a second rotational axis, a second pole piece of said 
plurality of pole pieces having an inner surface swept out over the definable range of rotation 
by an outer end of [a] the first radius having its opposite end located on said second rotational 
axis; 

a first magnet having a first pole surface and a second pole surface to generate a first 
set of magnetic flux, said first magnet disposed within said air gap area of said loop pole 
piece; 

a second magnet having a first pole surface and a second pole surface to generate a 
second set of magnetic flux, said second magnet disposed within said air gap area of said loop 
pole piece, 

wherein said first pole surface of said first magnet faces said inner surface of 
said first pole piece, said first pole surface of said second magnet faces said inner surface of 
said second pole piece, and said second pole surface of said first magnet faces said second 
pole surface of said second magnet to enclose said first set of magnetic flux and said second 
set of magnetic flux within said loop pole piece whereby a magnetic field is established 
throughout said air gap area. 
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wherein said first pole surface of said first magnet spatially faces said inner 
surface of said first pole piece to define a first working air gap area of said air gap area 
therebetween and said first pole surface of said second magnet spatially faces said inner 
surface of said second pole piece to define a second working air gap area of said air gap area 
therebetween, said first working air gap area and said second working air gap area being 
contiguous, 

wherein said loop pole piece, said first magnet, and said second magnet are 
adjoined to the control shaft to synchronously rotate about said second rotational axis for each 
degree of rotation of the control shaft about the first rotational axis whereby each degree of 
rotation of the control shaft about the first rotational axis exclusively corresponds to a distinct 
degree of synchronized rotation of said magnetic field about said second rotational axis; and 

a first magnetic flux sensitive transducer disposed within said air gap area of said loop 
pole piece, said first magnetic flux sensitive transducer locatable within said first working air 
gap area and locatable within said second working air gap area as said magnetic field is 
synchronously rotated about said second rotational axis, said first magnetic flux sensitive 
transducer being operable to sense a magnetic flux density of any portion of said first set of 
magnetic fiux passing through said first magnetic flux sensitive transducer when said first 
magnetic flux sensitive transducer is located within said first working air gap area and being 
operable to sense a magnetic flux density of any portion of said second set of magnetic flux 
passing through said first magnetic flux sensitive transducer when said first magnetic flux 
sensitive transducer is located within said second working air gap area. 
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wherein said first pole surface of said first magnet and said inner surface of 
said first pole piece are contoured to arcuately configure said first working air gap area 
therebetween whereby said first magnetic flux sensitive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field when said magnetic flux sensitive transducer is 
located within said first working air gap area, and 

wherein said first pole surface of said second magnet and said inner surface of 
said second pole piece are contoured to arcuately configure said second working air gap area 
therebetween whereby said magnetic flux sensitive transducer is operable to sense a different 
magnitude of magnetic flux density passing through said magnetic flux sensitive transducer 
for each degree of said synchronized rotation of the control shaft and said magnetic field 
when said magnetic flux sensitive transducer is located within said second working air gap 
area. 

20. (Twice Amended) A magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis, said magnetic rotational 
position sensor comprising: 

a loop pole piece including a plurality of pole pieces serially adjoined in a closed 
configuration to define an air gap area, a first pole piece of said plurality of pole pieces having 
an inner surface swept out over the definable range of rotation by an outer end of a first radius 
having its opposite end located on a second rotational axis, a second pole piece of said 
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plurality of pole pieces having an inner surface swept out over the definable range of rotation 
by an outer end of a first radius having its opposite end located on said second rotational axis; 

a first magnet having a first pole surface and a second pole surface to generate a first 
set of magnetic flux, said first magnet disposed within said air gap area of said loop pole 
piece; 

a second magnet having a first pole surface and a second pole surface to generate a 
second set of magnetic flux, said second magnet disposed within said air gap area of said loop 
pole piece; 

a third magnet having a first pole surface and a second pole surface to generate a third 
set of magnetic flux, said third magnet disposed within said air gap area of said loop pole 
piece; 

a fourth magnet having a first pole surface and a second pole surface to generate a 
fourth set of magnetic flux, said fourth magnet disposed within said air gap area of said loop 
pole piece, 

wherein said first pole surface of said first magnet faces said first pole surface 
of said third magnet, said second pole surface of said third magnet faces said inner surface of 
said first pole piece, said first pole surface of said second magnet faces said first pole surface 
of said fourth magnet, said second pole surface of said fourth magnet faces said inner surface 
of said second pole piece, and said second pole surface of said first magnet faces said second 
pole surface of said second magnet to enclose said first set of magnetic flux, said second set 
of magnetic flux, said third set of magnetic flux and said fourth set of magnetic flux within 
said loop pole piece whereby a magnetic field is established throughout said air gap area. 
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wherein said first pole surface of said first magnet spatially faces said first pole 
surface of said third magnet to define a first working air gap area of said air gap area 
therebetween and said [second] first pole surface of said second magnet spatially faces said 
first pole surface of said fourth magnet to define a second working air gap area of said air gap 
area therebetween, said first working air gap area and said second working air gap area being 
contiguous, 

wherein said loop pole piece, said first magnet, said second magnet, said third 
magnet and said fourth magnet are adjoined to the control shaft to synchronously rotate about 
said second rotational axis for each degree of rotation of the control shaft about the first 
rotational axis whereby each degree of rotation of the control shaft about the first rotational 
axis exclusively corresponds to a distinct degree of synchronized rotation of magnetic field 
about said second rotational axis; and 

a first magnetic flux sensitive transducer disposed within said air gap area of said loop 
pole piece, said first magnetic flux sensitive transducer locatable within said first working air 
gap area and locatable within said second working air gap area as said loop pole piece, said 
first magnet, said second magnet, said third magnet and said fourth magnet are synchronously 
rotated about said second rotational axis, said first magnetic flux sensitive transducer operable 
to sense a magnetic flux density of any compilation of said first set of magnetic flux and said 
third set of magnetic flux when located within said first working air gap area and being 
operable to sense a magnetic flux density of any compilation of said second set of magnetic 
flux and said fourth set of magnetic flux when located within said second working air gap 
area, 
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wherein said first pole surface of said first magnet and said first pole surface of 
said third magnet are contoured to arcuately configure said first working air gap area 
therebetween whereby said first magnetic flux sensitive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field when said first magnetic flux sensitive transducer is 
located within said first working air gap area, and 

wherein said first pole surface of said second magnet and said first pole surface 
of said fourth magnet are contoured to arcuately configure said second working air gap area 
therebetween whereby said first magnetic flux sensifive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field when said first magnetic flux sensitive transducer is 
located within said second working air gap area. 

25. (Twice Amended) The magnetic rotational position sensor of claim 20 further 
comprising a second magnetic flux sensifive transducer, said second magnetic flux sensitive 
transducer operable to sense a magnetic flux density passing through said second magnetic 
flux sensitive transducer, 

wherein said second pole surface of said third magnet spatially faces said inner surface 
of said first pole piece to define a third working air gap area of said air gap area therebetween 
and said second pole surface of said fourth magnet spatially faces said inner surface of said 
second pole piece to define a fourth working air gap area of said air gap area therebetween, 
said third working air gap and said fourth working air gap area being contiguous. 
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wherein said second magnetic flux sensitive transducer is disposed within said air gap 
area of said loop pole piece, said second magnetic flux sensitive transducer locatable within 
said third working air gap area and locatable within said fourth working air gap area as said 
loop pole piece, said first magnet, said second magnet, said third magnet and said fourth 
magnet are synchronously rotated about said second rotational axis, 

wherein said second magnetic flux sensitive transducer is operable to sense a magnetic 
flux density of any portion of said [second] third set of magnetic flux when located within 
said third working air gap area and is operable to sense a magnetic flux density of any portion 
of said fourth set of magnetic flux when located within said fourth working air gap area, 

wherein said second pole surface of said third magnet and said inner surface of said 
first pole piece are contoured to arcuately configure said third working air gap area 
therebetween whereby said second magnetic flux sensitive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field when said second magnetic flux sensitive transducer 
is located within said third working air gap area, and 

wherein said second pole surface of said fourth magnet and said inner surface of said 
second pole piece are contoured to arcuately configure said fourth working air gap area 
therebetween whereby said second magnetic flux sensitive transducer is operable to sense a 
different magnetic flux density for each degree of said synchronized rotation of the control 
shaft and said magnetic field when said second magnetic flux sensitive transducer is located 
within said fourth working air gap area. 
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28. (Twice Amended) A magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis, said magnetic rotational 
position sensor comprising: 

a loop pole piece including a plurality of pole pieces serially adjoined in a closed 
configuration to define an air gap area, a first pole piece of said plurality of pole pieces having 
an inner surface swept out over the definable range of rotation by an outer end of a first radius 
having its opposite end located on a second rotational axis, a second pole piece of said 
plurality of pole pieces having an inner surface swept out over the definable range of rotation 
by an outer end of [a] the first radius having its opposite end located on said second rotational 
axis; 

a first magnet having a first pole surface, and a second pole surface to generate a first 
set of magnetic flux, said first magnet disposed within said air gap area of said loop pole 
piece; 

a second magnet having a first pole surface, a second pole surface, a third pole 
surface, and a fourth pole surface to generate a second set of magnetic flux, said second 
magnet disposed within said air gap area of said loop pole piece, 

wherein said first pole surface of said first magnet faces said first pole surface 
of said second magnet, said second pole surface of said second magnet faces said inner 
surface of said first pole piece, said second pole surface of said first magnet faces said third 
pole surface of said second magnet, and said fourth pole surface of said second magnet faces 
said inner surface of said second pole piece to enclose said first set of magnetic flux, and said 
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second set of magnetic flux within said loop pole piece whereby a magnetic field is 
established throughout said air gap area, 

wherein said first pole surface of said first magnet spatially faces said first pole 
surface of said second magnet to define a first working air gap area of said air gap area 
therebetween and said second pole surface of said first magnet spatially faces said third pole 
surface of said second magnet to define a second working air gap area of said air gap area 
therebetween, said first working air gap area and said second working air gap area being 
contiguous, 

wherein said loop pole piece, said first magnet, and said second magnet are 
adjoined to the control shaft to synchronously rotate about said second rotational axis for each 
degree of rotation of the control shaft about the first rotational axis whereby each degree of 
rotation of the control shaft about the first rotational axis exclusively corresponds to a distinct 
degree of synchronized rotation of said magnetic field about said second rotational axis; and 

a first magnetic flux sensitive transducer disposed within said air gap area of said loop 
pole piece, said first magnetic flux sensitive transducer locatable within said first working air 
gap area of said loop pole piece and locatable within said second working air gap area of said 
loop pole piece as said loop pole piece, said first magnet, and said second magnet are 
synchronously rotated about said second rotational axis, said first magnetic flux sensitive 
transducer operable to sense a magnetic flux density of any compilation of said first set of 
magnetic flux and said second set of magnetic flux passing through said first magnetic flux 
sensitive transducer. 
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wherein said first pole surface of said first magnet and said first pole surface of 
said second magnet are contoured to arcuately configure said first working air gap area 
therebetween whereby said first magnetic flux sensitive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field when said first magnetic flux sensitive transducer is 
located within said first working air gap area, and 

wherein said second pole surface of said first magnet and said third pole 
surface of said second magnet are contoured to arcuately configure said second working air 
gap area therebetween whereby said first magnetic flux sensitive transducer is operable to 
sense a different magnitude of magnetic flux density for each degree of said synchronized 
rotation of the control shaft and said magnetic field when said first magnetic flux sensitive 
transducer is located within said second working air gap area. 

31 . (Twice Amended) The magnetic rotational position sensor of claim 28 further 
comprising an auxiliary pole piece, wherein said first magnet further has a third pole surface 
and a fourth pole surface spatially facing said third pole surface, said auxiliary pole piece 
being disposed between said third pole surface of said first magnet and said fourth pole 
surface of said first magnet . 

33. (Twice Amended) The magnetic rotational position sensor of claim 28 further 
comprising a second magnetic flux sensitive transducer, said second magnetic flux sensitive 
transducer operable to sense a magnefic flux density of any second compilation of said first 
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set of magnetic flux and said second set of magnetic flux passing through said second 
magnetic flux sensitive transducer, 

wherein said second pole surface of said second magnet spatially faces said inner 
surface of said first pole piece to define a third working air gap area of said air gap area 
therebetween, and said fourth pole surface of said second magnet spatially faces said inner 
surface of said second pole piece to define a fourth working air gap area of said air gap area 
therebetween, said third working air gap area and said fourth working air gap area being 
contiguous, 

wherein said second magnetic flux sensitive transducer is disposed within said air gap 
area of said loop pole piece, said second magnetic flux sensitive transducer locatable within 
said third working air gap area and locatable within said fourth working air gap area as said 
loop pole piece, said first magnet, and said second magnet are synchronously rotated about 
said second rotational axis, 

wherein said [first] second pole surface of said second magnet and said inner surface 
of said first pole piece are contoured to arcuately configure said third working air gap area 
therebetween whereby said second magnetic flux sensitive transducer is operable to sense a 
different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field when said second magnetic flux sensitive transducer 
is located within said third working air gap area, and 

wherein said fourth pole surface of said second magnet and said inner surface of said 
second pole piece are contoured to arcuately configure said fourth working air gap area 
therebetween whereby said second magnetic flux sensitive transducer is operable to sense a 
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different magnitude of magnetic flux density for each degree of said synchronized rotation of 
the control shaft and said magnetic field when said second magnetic flux sensitive transducer 
is located within said fourth working air gap area. 

35. (Twice Amended) The magnetic rotational position sensor of claim 33 
wherein said fourth pole surface of said second magnet has a convex contour and said inner 
surface of said second pole piece has a concave contour. 
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MAGNETIC^b!?^^ONAL SENSOR 


BACKGROUND OF THE INVENTION 


10 


15 


The present invention generally relates to the field of rotational position sensors, 
and more specifically to a magnetic rotational position sensor for sensing each rotational 
position of a control shaft about a rotational axis over a definable range of rotation. 

Electronic fuel injected engines used in motor vehicles typically embody a 
microprocessor based control system. Fuel is metered or injector activation time is varied 
in accordance with various engine parameters including the regulation of air flow into the 
engine via a rotational position of a throttle diaphragm relative to a closed position of the 
throttle diaphragm. Typically, a shaft is adjoined to the throttle diaphragm to 
synchronously rotate the throttle diaphragm as the shaft is rotated between the closed 
position and a maximal open position of the throttle diaphragm. Rotational position 
sensors are adjoined to or adjacent the shaft to sense each rotational position of the shaft. 


i.e. each degree of rotation of the shaft relative to the closed position, thereby the 


One of the problems associated with prior contact rotational position sensors that 
incorporate a contact element, e.g. a contact potentiometer, is the wear and tear 
experienced by the contact element that reduces the useable life of the contact rotational 
position sensor. One of the problems associated with prior magnetic rotational position 
sensors is magnetic hysteresis. Magnetic hysteresis causes an offset error signal to be 
generated whenever a magnet of the sensor is advanced from and returned to a reference 
position of the magnet, or whenever a magnetizable component of the sensor, e.g. a 
magnetizable pole piece, is advanced from or toward the magnet of the sensor. 



rotational position of the throttle diaphragm relative to the closed position^ sensei 


1 


\ 

21150.V3 

Annealing the magnet can minimize* but never eliminate, magnetic hysteresis. What is 
therefore needed is a novel and unique magnetic rotational position sensor that neither 
incorporates a contact element nor experiences magnetic hysteresis. 
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SUMMARY OF THE INVENTION 

The present invention is a magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis over a definable range of 
rotation. The present invention overcomes the aforementioned drawbacks associated 
5 with prior contact rotational position sensors and prior magnetic rotational position 
sensors. Various aspects of the present invention are novel, non-obvious, and provide 
various advantages. While the actual nature of the present invention described in detail 
herein can only be determined with reference to the claims appended hereto, certain 
features which are characteristic of the present invention disclosed herein can be 

10 described briefly. 

Each embodiment of a magnetic rotational position sensor in accordance with the 
present invention comprises a loop pole piece, one or more magnets, and one or more 
magnetic flux sensitive transducers. The loop pole piece includes a plurality of pole 
pieces serially adjoined in a closed configuration to define an air gap area. One or more 

15 pole pieces of the loop pole piece has an inner diameter surface radially extending from a 
second rotational axis. Each magnet has a north pole surface and a south pole surface to 
generate magnetic flux. 

A magnet is disposed within the air gap area of the loop pole piece with each pole 
surface of the magnet facing either the inner diameter of a pole piece of the loop pole 

20 piece or a pole surface of another magnet disposed within the air gap area to enclose the 
magnetic flux from the magnet(s) within the loop pole piece to thereby establish a 
magnetic field throughout the air gap area. The loop pole piece and the magnet(s) are 
adjoined to the control shaft to synchronously rotate about the second rotational axis over 
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the definable range of rotation as the control shaft is rotated about the first rotational axis 
over the definable range of rotation. Thus, each degree of rotation of the control shaft 
about the first rotational axis over the definable range of rotation exclusively corresponds 
to a distinct degree of synchronized rotation of the magnetic field about the second 
5 rotational axis over the definable range of rotation. 

In a first aspect of the present i nvention^ p ole sfurface of a magnet disposed 
within the air gap area epatia ^pati al 1 v !^ faces an inner diameter surface of a pole piece of 
the loop pole piece to define a working air gap area therebetween. The pole surface of 
the magnet, and the inner diameter surface of the pole piece are contoured to arcuately 

10 configure the working air gap area. In a second aspect of the present invention^ a nole 
surface of a first magnet disposed within the air gap area spatm ^atially ^ faces a pole 
surface of a second magnet disposed within the air gap area to define a working air gap 
area therebetween. The pole surface of the first magnet, and the pole surface of the 
second magnet are contoured to arcuately configure the working air gap area. 

15 Each magnetic flux sensitive transducer is operable to sense a magnetic flux 

density of any magnetic flux passing through the magnetic flux sensitive transducer. A 
magnetic flux sensitive transducer is disposed within each working air gap area. The 
arcuate configuration of the working air gap area enables the magnetic flux sensitive 
transducer to be operable to sense a different magnitude of magnetic flux density for each 

20 degree of synchronously rotation of the control shaft and the magnetic field over a 
definable range of rotation. 

It is a primary object of the present invention to sense each rotational position of 
the control shaft about the rotational axis over the definable range of rotation without 
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experiencing magnetic hysteresis by synchronously rotating the loop pole piece, and the 
magnet(s) about the second rotational axis as the control shaft rotates about the first 
rotational axis. 

Further objects, features, and advantages of the present invention shall become 
5 apparent from the detailed drawings and descriptions provided herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA-lC are views of one embodiment of a magnetic rotational position 
sensor in accordance with the present invention. 

FIGS. 2A-2B are views of an exemplary adjoining of the magnetic rotational 
5 position sensor of HGS. 1 A-IC to a cylindrical control shaft. 

HGS. 3A-3C are diagrammatic illustrations of a magnet and a loop pole piece of 
the magnetic rotational position sensor of FIGS. lA-lC as well as the cylindrical control 
shaft of FIGS. 2A-2B synchronously rotating about a pair of coinciding rotational axes. 

FIG. 3D is a graph depicting exemplary waveforms of a first voltage sensing 
10 signal and of a second voltage sensing signal of a Hall effect device of the magnetic 
rotational position sensor of FIGS. lA-lC. 

FIGS. 4A-4C are views of a first modified embodiment of the magnetic rotational 
position sensor of FIGS . 1 A- 1 C . 

FIGS. 5A-5C are views of a second modified embodiment of the magnetic 
15 rotational position sensor of FIGS. 1 A-IC. 

FIGS. 6A-6C are views of a first alternative embodiment of the magnetic 
rotational position sensor of FIGS. lA-lC. 

HGS. 7A-7C are views of a second alternative embodiment of the magnetic 
rotational position sensor of FIGS. lA-lC. 
20 FIGS. 8A-8C are views of a third alternative embodiment of the magnetic 

rotational position sensor of FIGS. lA-lC. 
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FIGS. 9A-9C are views of a fourth alternative embodiment of the magnetic 
rotational position sensor of FIGS. lA-lC. 

FIGS. lOA-lOC are views of a fifth alternative embodiment of the magnetic 
rotational position sensor of FIGS. lA-lC. 
5 FIGS. 1 1 A-llC are views of a sixth alternative embodiment of the magnetic 

rotational position sensor of FIGS. lA-lC. 

FIGS. 12A-12C are views of a seventh alternative embodiment of the magnetic 
rotational position sensor of FIGS. lA-lC. 

FIGS. 13A-13C are views of an eighth alternative embodiment of the magnetic 
10 rotational position sensor of FIGS. 1 A-IC. 

FIGS. 14A-14C are views of another embodiment of a magnetic rotational 
position sensor in accordance with the present invention. 

HGS. 15A-15B are views of an exemplary adjoining of the magnetic rotational 
position sensor of FIGS. 14A-14C to a cylindrical control shaft. 
15 FIGS. 16A-16C are diagrammatic illustrations of a magnet and a loop pole piece 

of the magnetic rotational position sensor of FIGS. 14A-14C as well as the cylindrical 
control shaft of FIGS. 15A-15B synchronously rotating about a pair of coinciding 
rotational axes. 

FIG. 16D is a graph depicting exemplary waveforms of a first voltage sensing 
20 signal and of a second voltage sensing signal of a Hall effect device of the magnetic 
rotational position sensor of FIGS. 14A-14C. 

FIGS. 17A-17C are views of a first modified embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 
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FIGS. 18A-18C are views of a second modified embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 

FIGS. 19A-19C are views of a first alternative embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 
5 FIGS. 20A-20C are views of a second alternative embodiment of the magnetic 

rotational position sensor of FIGS. 14A-14C. 

FIGS. 21A-21C are views of a third alternative embodiment of the magnetic 
rotational position sensor of HGS. 14A-14C. 

FIGS. 22A-22C are views of a fourth alternative embodiment of the magnetic 
10 rotational position sensor of FIGS. 14A-14C. 

FIGS. 23A-23C are views of a fifth alternative embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 

FIGS. 24A-24C are views of a sixth alternative embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 
15 FIGS. 25A-25C are views of another embodiment of a magnetic rotational 

position sensor in accordance with the present invention. 

FIGS. 26A-26B are views of an exemplary adjoining of the magnetic rotational 
position sensor of FIGS. 25A-25C to a cylindrical control shaft. 

FIGS. 27A-27C are diagrammatic illustrations of a magnet and a loop pole piece 
20 of the magnetic rotational position sensor of FIGS. 25A-25C as well as the cylindrical 
control shaft of FIGS. 26A-26B synchronously rotating about a pair of coinciding 
rotational axes. 
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FIG. 27D is a graph depicting exemplary waveforms of a first voltage sensing 
signal and a waveform of a second voltage sensing signal of a Hall effect device of the 
magnetic rotational position sensor of FIGS. 25A-25C. 

FIGS. 28A-28C are views of a first alternative embodiment of the magnetic 
5 rotational position sensor of FIGS. 25A-25C. 

FIGS. 29A-29C are views of a second alternative embodiment of the magnetic 
rotational position sensor of FIGS. 25A-25C. 


9 


21150.V3 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the purposes of promoting an understanding of the principles of the present 
invention, reference will now be made to the preferred embodiments of the present 
invention as illustrated in the drawings and specific language will be used to describe the 
5 same. It will nevertheless be understood that no limitation of the scope of the present 
invention is thereby intended. Any alterations and further modifications in the illustrated 
embodiments, and any further applications of the principles of the present invention as 
illustrated herein are contemplated as would normally occur to one skilled in the art to 
which the present invention relates. 

10 The present invention is a series of novel and unique magnetic rotational position 

sensors for sensing each degree of rotation of a control shaft about a rotational axis over a 
definable range of rotation without experiencing magnetic hysteresis. For purposes of the 
present invention, a control shaft is broadly defined as an article of manufacture or a 
combination of manufactured articles for controlling, directly or indirectly, any rotational 

15 movement, any linear movement, and/or any angular movement of an object, 

e.g. a throttle diaphragm, a foot pedal, a piston, etc., as the control shaft is rotated about a 
rotational axis, e.g. a longitudinal axis of the control shaft. The present invention 
contemplates that a control shaft may be magnetic or magnetizable. The present 
invention further contemplates that a control shaft can have any geometric configuration 

20 and any physical dimensions. 

Each embodiment of a magnetic rotational position sensor in accordance with the 
present invention comprises a loop pole piece, one or more magnets, and one or more 
magnetic flux sensitive transducers. An embodiment of a magnetic rotational position 
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sensor in accordance with the present invention can further include one or more auxiliary 
pole pieces. 

For purposes of the present invention, a pole piece is broadly defined as an article 

of manufacture or a combination of manufactured articles for conducting magnetic flux, 

and a loop pole piece is defined as a plurality of pole pieces serially adjoined in a closed 

configuration to define an air gap area. Also for purposes of the present invention, a 

3k 

serial adjoining of the plurality of pole pieces is broadly defined as(^^1anitary fabrication, 
a permanent affixation, a detachable coupling, an engagement, and/or a contiguous 
disposal of each pole piece in a serial arrangement by any manufacturing method. 
(Accordingly, th^ present invention'tontemplates that a pole piece can be made from any 
ferromagnetic material or any combination of ferromagnetic materials. The present 
invention further contemplates that a pole piece can have any geometric configuration 
and any physical dimensions. Consequently, any preferential reference §fla particular 
type of adjoining of the plurality of pole pieces of an illustrated loop pole piece herein, 
any preferential reference to a particular ferromagnetic material or combination of 
ferromagnetic materials for an illustrated pole piece herein, and any reference to a 
particular geometric configuration and/or physical dimensions of an illustrated pole piece 
herein are given solely for purposes of describing the best mode of the present invention 
and^sj^ot meant to be limiting in any way. 

For purposes of the present invention, a magnet is broadly defined as an article of 
manufacture or a combination of manufactured articles having a north pole surface and a 
south pole surface for generating magnetic flux. Accordingly, the present invention 
contemplates that a magnet can be made from any magnetic material or any combination 
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of magnetic materials. The present invention further contemplates that a magnet can 
have any geometric configuration and any physical dimensions. Consequently, any 
preferential reference to a particular magnetic material or combination of magnetic 
materials for an illustrated magnet herein, and any reference to a particular geometric 
5 configuration and/or physical dimensions of an illustrated magnet herein is given solely 
for purposes of describing the best mode of the present invention andO^not meant to be 
limiting in any way. Each magnet illustrated herein is described as having magnetic flux 
rectilinearly magnetized within the magnet from one or more south pole surfaces to one 
or more north pole surfaces prior todisposal of the magnet within a loop pole piece. 

10 Such recti linea^^magnetizati on of the magnetic flux facilitates a linear sensing of a 
rotational position of a control shaft, and is illustrated solely for the purposes of 
describing the best mode of the present invention and is not meant to be limiting in any 
way. In addition, for each illustrated magnet herein, the present invention contemplates 
that the north pole surface(s) and the south pole surface(s) of an illustrated magnet can be 

15 interchanged. 

For purposes of the present invention, a magnetic flux sensitive transducer is 
broadly defined as an article of manufacture or a combination of articles operable to 
sense a magnetic flux density of any magnetic flux passing through the magnetic flux 
sensitive transducer, i.e. a Hall element, a magneto-resistive element, a coil, etc. 
20 Consequently, any preferential reference to a particular magnetic flux sensitive 

transducer as illustrated herein is given solely for purposes of describing the best mode of 
the present invention and is not meant to be limiting in any way. 
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For each embodiment of a magnetic rotational position sensor in accordance with 
the present invention, each magnet is disposed within an air gap area of a loop pole piece 
to enclose the magnetic flux from the magnet within the loop pole piece to thereby 
establish a magnetic ^;e^^ throughout the air gap area. Each magnet has a pole surface 
5 spafe ^patially f^ facing either an inner diamet e r surface of the loop pole piece, a pole 
surface of another magnet, or a surface of an auxiliary pole piece disposed within the air 
gap area of the loop pole piece to define a working air gap area of the air gap area as 
subsequently described herein. The loop pole pieceg^nd the magnet(s) are adjoined to a 
control shaft to synchronously rotate about a second rotational axis as the control shaft is 

10 rotated about the first rotational axis over the definable range of rotation as subsequently 
described herein, and as a result, each degree of rotation of the control shaft about the 
first rotational axis exclusively corresponds to a distinct degree of synchronized rotation 
of the established magnetic field about the second rotational axis over the definable range 
of rotation. For purposes of the present invention, an adjoining of the loop pole piece and 

15 the magnet(s) to the control shaft is broadly defined as^^unitary fabrication, a 
permanent affixation, a detachable coupling, an engagement, and/or a contiguous 
disposal of the loop pole piece and the magnet(s) to the control shaft by any 
manufacturing method. The present invention contemplates that the first rotational axis 
and the second rotational axis may or may not coincide. Consequently, any preferential 

20 reference to a type of adjoining of a loop pole piece and magnet or magnets to a control s 
control -shaft as illustrated herein, and any preferential reference herein to an illustrated 
sfiato lspatialQ positioning of the second rotational axis relative to the first rotational axis 
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as illustrated herein are given solely for purposes of the describing the best mode of the 



Also for each embodiment of a magnetic rotational position sensor in accordance 
with the present invention, each working air gap area is arcuately configured as 
5 subsequently described herein, and as a result, a magnetic flux sensitive transducer 
disposed within the arcuately configured working air gap area is operable to sense a 
different magnitude of magnetic flux density for each degree of synchronized rotation of 
the magnetic field(s) over the definable range of rotation. The present invention 
contemplates that a working air gap area may or may not have a circular arcuate 

10 configuration, and may or may not have a symmetrical arcuate configuration. The 
present invention further contemplates that a working air gap area having a circular 
arcuate configuration may or may not concentrically align with either the first rotational 
axis and/or the second rotational axis. Consequently, any reference to a particular arcuate 
configuration of an illustrated working air gap area herein, and any reference to a 

15 particular alignment of a working air gap area relative to the first rotational axis and to 
the second rotational axis as illustrated herein are given solely for purposes of the 
describing the best mode of the present invention andQ^not meant to be limiting in any 
way. 

Preferred embodiments of the present invention as well as modified and 
20 alternative embodiments of the present invention will now be described herein. 

Referring to FIGS. lA-lC, a magnetic rotational position sensor 10 is shown. 
Magnetic rotational position sensor 10 comprises a loop pole piece 11, a magnet 17, and 
a magnetic flux sensitive transducer in the preferable form of a Hall effect device 18. 
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Lx)op pole piece 1 1 includes a circular arcuate pole piece 12, and a pole piece 13 having a 

rectangular prismatical pole segment 14, a circular arcuate pole segment 15, and a 

rectangular prismatical pole segment 16. Circular arcuate pole Pole piece 12 and pole 

piece 13 are serially adjoined in a closed configuration to define an air gap area 11a. 

5 Preferably, circular arcuate pole piece 12 and pole piece 13 are unitarily fabricated from a 

ferromagnetic steel, e.g. a low carbon steel. Circular arcuat e pole Pole piece 12 and 

circular arcuate pole segment 15 concentrically align with a rotational axis RA as best 

shown in FIG. IC, and concave inner diam e ter surface 12a of pole piece 12 and a convex 

inner diameter surface 15a of circular arcuate pole segment 15 radially extend from are 

10 swept out by an outer end of a radius having its opposite end located on rotational axis 

RA and that extends circumferentially over approximately 190 degrees to facilitate a 

rotation of loop pole piece 1 1 about rotational axis RA over a definable range of rotation 

upward to 180 degrees. A concave outer diameter surface 15b of circular arcuate pole 

segment 15 facilitates an adjoining of loop pole piece 1 1 to an outer diameter surface of a 

± 

y 

15 cylindrical control shaft as exemplary shown in FIGS. 2 A and 2B. 

Still referring to FIGS. lA-lC, magnet 17 is a permanent magnet having a convex 
north pole surface 17a, a concave south pole surface 17b, a planar south pole surface 17c, 
and a planar south pole surface 17d to generate magnetic flux (not shown). Prior to an 
assembly of magnetic rotational position sensor 10, the magnetic flux within magnet 17 is 

20 rectilinearly magnetized from south pole surfaces 17b- 17d to conv e x north pole surface 
17a as exemplary shown by the arrows in FIGS. lA and IB. Magnet 17 is disposed 
within air gap area 1 la of loop pole piece 1 1 with convex north pole surface 17a facing 
concave inner diameter surface 12a of pole piece 12, concave south pole surface 17b 
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adjacently facing convex inner diameter surface 15a of circular arcutate arcuate - pole 
segment 15, planar south pole surface 17c adjacently facing ^ectangular prismatical 
planar inner surface 14a of pole segment 14, and planar south pole surface 17d adjacently 
facing rectangular prismatical a planar inner pole surface 16a of pole segment 16 to 
5 enclose the magnetic flux from magnet 17 within loop pole piece 11, and as a result, a 
magnetic field is established throughout air gap area 1 la as exemplary shown in FIGS. 
3A-3C. Convex north pole Pole surface 17a of magnet 17 spatially faces concave inner 
diameter surface 12a of pole piece 12 to define a working air gap area 1 lb having a 
circular arcuate configuration therebetween. Alternatively, the prese^ijt^yivention 

10 contemplates that concav e south pole surface 17b can^atiall^ face convex inner 

diameter surface 15a of circular arcuate pole segment 15, planar south pole surface 17c 
can epatia tspatiallv face rectangular prismatical a planar inner surface 14a of pole 
segment 14, and/or planar s outh pole surface 17d can spatial spatiallv face rectangular 
prismatical a planar inner surface 16a of pole segment 16. 

15 Still referring to FIGS. lA-lC, Hall effect device 18 is disposed within working 

air gap area 1 lb. It is to be appreciated that Hall effect device 18 is operable to sense a 
magnetic flux density of any magnetic flux passing through Hall effect device 18 via a 
planar side surface 18a and a planar side surface 18b of Hall effect device 18. Hall effect 
device 18 is further operable to(eitherfgenerate^ithe^a voltage sensing signal as a 

20 function of the magnetic flux density of any magnetic flux passing through planar side 
surface 18a and/or a voltage sensing signal as a function of the magnetic flux density of 
any magnetic flux passing through planar side surface 18b. 

16 
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Referring to FIGS. 2A and 2B, an exemplary adjoining of magnetic rotational 
position sensor 10 to a cylindrical control shaft 1 is shown. Magnetic rotational position 
sensor 10 is assembled as previously described in connection with FIGS. lA-lC and 
accompanying text within a container 2, and a lid 3 is adjoined to container 2 to house 
5 pole piece 11 and magnet 17 within container 2. Lid 3 has a slot 3a to enable the leads of 
Hall effect device 18 to extend out of lid 3. Container ^,^nd lid 3 are adjoined to an 
outer diameter surface la of cylindrical control shaft 1 to adjoin loop pole piece 1 1 and 
magnet 17 to cylindrical control shaft 1 and to coincide rotational axis RA (FIG. IC) with 
a longitudinal axis LA of cylindrical control shaft 1. It is to be appreciated that loop pole^ 

10 1 1 and magnet 17 will synchronously rotate about coinciding rotational axes LA/RA as 
cylindrical control shaft 1 is rotated about coinciding rotational axes LA/RA, and as a 
result, each degree of rotation of cylindrical control shaft 1 about coinciding rotational 
axes LA/RA exclusively corresponds to a distinct degree of synchronized rotati on^ the 
magnetic field (not shown) established throughout air gap area 11a (FIGS. lA and(l(^ 

15 about coinciding rotational axes LA/RA over a definable range of rotation upward to 180 
degrees. 

Referring to FIGS. 3A-3C, diagrammatic illustrations of loop pole piece 11, 
magnet 17, and a magnetic field synchronously rotating with cylindrical control shaft 1 
(being non-magnetic and non-magnetizable) about coinciding rotational axes LA/RA 
20 over a definable range of rotation upward to 180 degrees is shown. To sense each degree 
of rotation of cylindrical control shaft 1 about coinciding rotational axes LA/RA over a 
definable range of rotation upward to 180 degrees, it is to be appreciated that the 
magnetic flux density of any magnetic flux passing through Hall effect device 18 via 
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planar side surface 18a (FIG. lA) and pteftSf^side surface 18b (FIG. IB) must be different 

for each degree of synchronized rotation of the magnetic field about coinciding rotational 

axes LA/RA. As previously described herein, the magnetic flux within magnet 17 is 

rectilinearly magnetized from south pole surfaces 17b-17d (FIG. IB) to convex north 

5 pole surface 17a (FIG. 1 A) prior to the assembly of magnetic rotational position sensor 

10. Upon the disposal of magnet 17 within loop pole piece 1 1, the arcuate configuration 

of working air gap area lib realigns the magnetization of the magnetic flux within 

>^ 

magnet 17 as exemplary in FIGS. 3A-3C to facilitate a sensing of a different magnitude 
of magnetic flux density by Hall effect device 18 for each degree of synchronized 

10 rotation of the magnetic field about coinciding rotational axes LA/RA as evidenced by 
the positioning of Hall effect device 18 throughout working air gap area 1 lb along an arc 
path API radially extending from coinciding rotational axes LA/RA. The arcuate 
configuration of working air gap area 1 lb is circular to facilitate a synmietrical balancing 
of the magnetic flux of the magnetic field throughout working air gap area 1 lb as shown 

15 in FIGS. 3A-3C. Planar side Side surface 18a and planar side surface 18b of Hall effect 
device 18 are perpendicular to concave inner diameter surface 12a (FIGS. 1 A and IB) of 
pole piece 12 and to convex north pole surface 17a (FIG. 1 A) of magnet 17 as loop pole 
piece 11 and magnet 17 are synchronously rotated about coinciding rotational axes 
LA/RA to facilitate a uniform differential of the magnetic flux passing through Hall 

20 effect device 18 for each degree of synchronized rotation of control shaft 1 and the 

magnetic field about coinciding rotafional axes LA/RA over a definable range of rotation 
upward to 180 degrees. Thus, it is to be appreciated that Hall effect device 18 is operable 
to sense a different magnitude of magnetic flux density for each degree of synchronized 
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rotation of control shaft 1 and the magnetic field about coinciding rotational axes LA/RA 
over a definable range of rotation upward to 180 degrees. It is to be further appreciated 
that, for each degree of synchronized rotation of control shaft 1 and the magnetic field 
about coinciding rotational axes LA/RA over a definable range of rotation upward to 180 
5 degrees. Hall effect device 18 is operable to ^ith^ generate a voltage sensing signal Vssi 
as a function of the magnetic flux density of the magnetic flux passing through planar 
side surface 18a as shown in FIG. 3D and/or a voltage sensing signal Vss2 as a function 
of the magnetic flux density of the magnetic flux passing through planar side surface 18b 
as shown in FIG. 3D. 

10 Referring to FIGS. 4A-4C, a magnetic rotational position sensor 10' is shown. 

Magnetic rotational position sensor 10' comprises a loop pole piece ll^,ynd a magnet 
17'. Loop pole piece 11' includes a circular arcuate pole piece 12', and a pole piece 13' 
having rectangular prismatical pole segment 14, a circular arcuate pole segment 15', and 
rectangular prismatical pole segment 16. Circular arcuat e pole Pole piece 12' and pole 

15 piece 13' are serially adjoined in a closed configuration to define an air gap area 1 la'. 

Preferably, circular arcuate pole piece 12' and pole piece 13' are unitarily fabricated from 
a ferromagnetic steel, e.g. a low carbon steel. Circular arcuate pole Pole piece 12' and 
circular arcuate pole segment 15' concentrically align with rotational axis RA, and 

V 

concave inner diamet e r surface 12a' of pole piece 12' andjal ponv e x inner diameter 
20 surface 15a' of circular arcuat e pole segment 15' radially ext e nd from are swept out by 
the outer end of a radius having its opposite end located on rotational axis RA and that 
extends circumferentially over approximately 100 degrees to facilitate a rotation of loop 
pole piece 11' about rotational axis RA over a definable range of rotation upward to 
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ninety (90) degrees. A concave outer diameter surface 15b' of circular arcuate pole 
segment 15' facilitates an adjoining of loop pole piece U' to an outer diameter surface of 
a cylindrical controlV 

Still referring to FIGS. 4A-4C, magnet 17' is a permanent magnet having a 
5 convex north pole surface 17a', a concave south pole surface 17b', planar south pole 
surface 17c, and^planar south pole surface 17d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 10', the magnetic flux within 
magnet 17' is rectilinearly magnetized from south pole surfaces 17b'-17d to conv e x north 
pole surface 17a' as exemplary shown by the arrows in FIGS. 4 A and 4B. Magnet 17' is 

10 disposed within air gap area 1 la' with convex north pole surface 17a' facing concave 
inner diameter surface 12a' of pole piece 12', concave south pole surface 17b' adjacently 
facing convex inner diam e ter surface 15a' of circular arcutate arcuate -segment 15', planar 
south pole surface 17c adjacently facing rectangular prismatical a planar inner surface 
14a of pole segment 14, and planar south pole surface 17d adjacently facing r e ctangular 

15 prismatical a planar inner surface^f pole segment 16 to enclose the magnetic flux from 
magnet 17' within loop pole piece IT, and as a result, a magnetic field is established 
throughout air gap area 11a'. Convex north pole surface 17a' of magnet 17' spatially 
faces concave inner diam e ter surface 12a' of pole piece 12' to define a working air gap 
area lib' having a circular arcuate configuration therebetween. Alternatively, the present 

20 invention contemplates that concave south pole surface 17b' can spatially face convex 
inner diameter surface 15 surface 15a ' of circular arcuate pole segment 15', planar south 
pole surface 17c can spatial spatially face r e ctangular prismatical a planar inner surface 
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14a of pole segment 14, and/or planar south pole surface 17d can spafet spatially face 
r e ctangular prismatical pol e segment 16 a planar surface 16a of pole segment 16 . 

Still referring to FIGS. 4A-4C, magnetic rotational position sensor 10' further 
comprises Hall effect device 18 as previously described in connection with FIGS. lA-lC 
5 and accompanying text. Hall effect device 18 is disposed within working air gap area 
1 lb'. It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational ax e s RA axis RA over a definable range of rotation 
upward to ninety (90) degrees. It is to be further appreciated that, for each degree of 

10 synchronized rotation of the magnetic field about rotational ax e s RA axis RA of a 
definable range of rotation upward to ninety (90) degrees. Hall effect device 18 is 
operable to^ithe^ generate a voltage sensing signal as a function of the magnetic flux 
density of the magnetic flux passing through planar side surface 18a, and/or a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 

15 through planar side surface 18b. 

Referring to FIGS. 5A-5C, a magnetic rotational position sensor 10" is shown. 
Magnetic rotational position sensor 10" comprises a loop pole piece 11", and a magnet 
17". Loop pole piece 11" includes a circular arcuate pole piece 12", and a pole piece . 
13" having rectangular prismatica] a |planar inner surface 14a 0*^^ 016 segment 14, a 

20 circular arcuate pole segment 15", and rectangular prismatical pole segment 16. Circular 
arcuate pole piece 12" and pole piece 13" are serially adjoined in a closed configuration 
to define an air gap area 11a". Preferably, circular arcuate pole piece 12" and pole piece 
13" are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon steel. Circular 
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arcuate pole piece 12" and circular arcuate pole segment 15" concentrically align with 

rotational axis RA, and concave inner diam e ter surface 12a" of pole piece 12" and a 

convex inner diameter surface 15a" of circular arcuate pole segment 15" radially extend 

frem -are swept out by the outer end of a radius having its opposite end located on 

5 rotational axis RA and that extends circumferentiallv over approximately 280 degrees to 

facilitate a rotation of loop pole piece 11" about rotational axis RA over a definable 

range of rotation upward to 270 degrees. A concave outer diameter surface 15b" of 

circular arcuate pole segment 15" facilitates an adjoining of loop pole piece 11" to an 

outer diameter surface of a cylindrical control^ 

10 Still referring to FIGS. 5A-5C, magnet 17" is a permanent magnet having a 

convex north pole surface 17a", a concave south pole surface 17b",^planar south pole 
A. 

surface 17c, and^lanar south pole surface 17d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 10", the magnetic flux within 
magnet 17" is rectilinearly magnetized from south pole surfaces 17b"-17d to convex 

15 north pole surface 17a" as exemplary shown by the arrows in FIGS. 5A and 5B. Magnet 
17" is disposed within air gap area 11a" with convex north pole surface 17a" facing 
concave inner diameter surface 12a" of pole piece 12", concave south pole surface 17b" 
adjacently facing convex inner diam e t e r surface 15a" of circular arcutate arcuate segment 
15", planar south pole surface 17c adjacently facing rectangular prismatical a planar inner 

20 surface 14a of pole segment 14, and planar south pole surface 17d adjacently facing 

rectangular pri s matical pole segment 16 a planar inner surface 16a of pole segment 16 to 
enclose the magnetic flux from magnet 17" within loop pole piece 11", and as a result, a 
magnetic field is established throughout air gap area 1 la". Convex north pole surface 
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17a" of magnet 17" spatially faces concave inner diameter surface 12a" of pole piece 
12" to define a working air gap area 1 lb" having a circular arcuate configuration 
therebetween. Alternatively, the present invention contemplates that concave south pole 
surface 17b' can spatially face convex inner diamet e r surface IS surface 15a " of circular 
5 arcuate pole segment 15", planar south pole surface 17c can spatml spatially face 

r e ctangular prismatical a planar inner surface 14a of pole segment 14, and/or planar south 
pole surface 17d can spatia lspatiallv face rectangular prismatical pole segment 16 a planar 
inner surface 16a of pole segment 16 . 

Still referring to FIGS. 5A-5C, magnetic rotational position sensor 10" further 

10 comprises Hall effect device 18 as previously described in connection with FIGS. lA-lC 
and accompanying text. Hall effect device 18 is disposed within working air gap area 
lib". It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational axes RA axis RA over a definable range of rotation 

15 upward to 270 degrees. It is to be further appreciated that, for each degree of 

synchronized rotation of the magnetic field about rotational ax e s RA axis RA of a 
definable range of rotation upward to 270 degrees, Hall effect device 18 is operable to 
^ithe^generate a voltage sensing signal as a function of the magnetic flux density of the 
magnetic flux passing through planar side surface 18a, and/or a voltage sensing signal as 

20 a function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18b. 

Referring to FIGS. 6A-6C, a magnetic rotational position sensor 110 is shown. 
Magnetic rotational position sensor 110 comprises loop pole piece 11 as previously 
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described herein in connection with FIGS. lA-lC and accompanying text. Magnetic 
rotational position sensor 110 further comprises a magnet 117. Magnet 117 is a 
permanent magnet having a convex north pole surface 1 17a, a concave south pole surface 
1 17b, a planar south pole surface 1 17c, and a planar south pole surface 1 17d to generate 
5 magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
110, the magnetic flux within magnet 117 is rectilinearly magnetized from south pole 
surfaces 1 17b-l 17d to convex north pole surface 1 17a as exemplary shown by the arrows 
in FIGS. 6A and 6B. Magnet 1 17 is disposed within air gap area 11a with convex north 
pole surface 117a adjacently facing concave inner diamet e r surface 12a of pole piece 12, 

10 concave south pole surface 1 17b facing convex inner diam e t e r surface 15a of circular 
arcutate arcuate segment 15, planar south pole surface 117c adjacently facing rectangular 
prismatical a planar inner surface 14a of pole segment 14, and planar south pole surface 
1 17d adjacently facing rectangular prismatical pole segment 16 a planar inner surface 16a 
of pole segment 16 to enclose the magnetic flux from magnet 117 within loop pole piece 

15 11, and as a result, a magnetic field is established throughout air gap area 1 la. Concave 
south pole surface 1 17b spatially faces convex inner diam e ter surface 15a of circular 
arcutate arcuate segment 15 to define a working air gap area He having a circular arcuate 
configuration therebetween. Alternatively, the present invention contemplates that 
convex north pole surface 117a can spatially face concave inner diameter surface 12a of 

20 pole piece 12, planar south pole surface 1 17c can spatkl spatiallv face r e ctangular 

prismatical a planar inner surface 14a of pole segment 14, and/or planar south pole surface 
1 17d can spatel spatially face r e ctangular prismatical pol e s e gment 16 a planar inner 
surface 16a of pole segment 16 . 
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Still referring to FIGS. 6A-6C, magnetic rotational position sensor 1 10 further 
comprises Hall effect device 18 as previously described herein in connection with 
(FIGS.lA-lc|and accompanying text. Hall effect device 18 is disposed within working 
air gap area 11c. It is to be appreciated that Hall effect device 18 is operable to sense a 
5 different magnitude of magnetic flux density for each degree of synchronized rotation of 
the magnetic field about rotational ax e s RA axis RA over a definable range of rotation 
upward to 180 degrees. It is to be further appreciated that, for each degree of 
synchronized rotation of the magnetic field about rotational axes RA axis RA of a 
definable range of rotation upward to 180 degrees, Hall effect device 18 is operable to 
10 ^ithe'^generate a voltage sensing signal as a function of the magnetic flux density of the 
magnetic flux passing through planar side surface 18a, and/or a voltage sensing signal as 
a function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18b. 

Referring to FIGS. 7A-7C, a magnetic rotational position sensor 210 is shown. 

15 Magnetic rotational position sensor 210 comprises loop pole piece 1 1 and magnet 17 as 
previously described herein in connection with FIGS. lA-lC and accompanying text. 
Magnetic rotational position sensor 210 further comprises magnet 117 as previously 
described herein in connection with FIGS. 6A-6C and accompanying text. Magnet 17 
and magnet 117 are disposed within air gap area 11a with convex north pole surface 17a 

20 facing concave south pole surface 117b, concave south pole surface 17b adjacently facing 
convex inner diam e ter surface 15a of circular arcutate arcuate segment 15, planar south 
pole surface 17c adjacently facing r e ctangular prismatical a planar inner surface 14a of 
pole segment 14, planar south pole surface 17d adjacently facing rectangular prismatical 
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pole segment 16 a planar inner surface 16a of pole segment 16 , convex north pole surface 
1 17a adjacently facing concave inner diam e t e r surface 12a of pole piece 12, planar south 
pole surface 117c adjacently facing rectangular prismatical a planar inner surface 14a of 
pole segment 14, and planar south pole surface 117d adjacently facing rectangular 
5 prismatical pole segment 16 a planar inner surface 16a of pole segment 16 to enclose the 
magnetic flux from magnet 17 and the magnetic flux from magnet 117 within loop pole 
piece 11, and as a result, a magnetic field is established throughout air gap area 11a. 
Convex north pole surface 17a spatially faces concave south pole surface 1 17b to define a 
working air gap area lid having a circular arcutate arcuate configuration therebetween. 

10 Alternatively, the present invention contemplates that concave south pole surface 17b can 
spatially face convex inner diameter surface IS suiface 15a of circular arcuate pole 
segment 15, planar south pole surface 17c can spate lspatially face rectangular 
prismatical a planar inner surface 14a of pole segment 14, planar south pole surface 17d 
can spatel spatially face rectangular prismatical pol e segment 16 a planar inner surface 

15 16a of pole segment 16 , convex north pole surface 1 17a can spatially face concave inner 
diameter surface 12a of pole piece 12, planar south pole surface 117c can spatia lspatiallv 
face rectangular pri s matical a planar inner surface 14a of pole segment 14, and/or planar 
south pole surface 1 17d can spatkl spatiallv face rectangular pri s matical pole segment 
i6 a planar inner surface 16a of pole segment 16 . 

20 Still referring to FIGS. 7A-7C, magnetic rotational position sensor 210 further 

comprises Hall effect device 18 as previously described in connection with FIGS. lA-lC 
and accompanying text. Hall effect device 18 is disposed within working air gap area 
lid. It is to be appreciated that Hall effect device 18 is operable to sense a different 
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magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational axis over a definable range of rotation upward to 180 
degrees. It is to be further appreciated that, for each degree of synchronized rotation of 
the magnetic field about rotational ax e s RA axis RA of a definable range of rotation 
5 upward to 180 degrees, Hall effect device 18 is operable tq^eith^generate a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18a, and/or a voltage sensing signal as a function of the 
magnetic flux density of the magnetic flux passing through planar side surface 18b. 

Referring to FIGS. 8A-8C, a magnetic rotational position sensor 310 is shown. 

10 Magnetic rotational position sensor 310 comprises loop pole piece 11 as previously 
described herein in connection with FIGS. lA-lC and accompanying text. Magnetic 
rotational position sensor 310 further comprises a magnet 217. Magnet 217 is a 
permanent magnet having a convex north pole surface 217a, a concave south pole surface 
217b, a planar south pole surface 217c, and a planar south pole surface 217d to generate 

15 ma^^ic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
[21^ the magnetic flux within magnet 217 is rectilinearly magnetized from south pole 
surfaces 217b-217d to convex north pole surface 217a as exemplary shown by the arrows 
in FIGS. 8A and 8B. Magnet 217 is disposed within air gap area Ua with convex north 
pole surface 217a facing concave inner diameter surface 12a of pole piece 12, concave 

20 south pole surface 217b facing convex inner diameter surface 15a of circular 

urcutate arcuate segment 15, planar south pole surface 1 17c adjacently facing re ct angular 
prismatical a planar inner surface 14a of pole segment 14, and planar south pole surface 
1 17d adjacently facing rectangular prismatical pole s e gment 16 a planar inner surface 16a 
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of pole segment 16 to enclose the magnetic flux from magnet 217 within loop pole piece 
11, and as a result, a magnetic field is established throughout air gap area 11a, Convex 
north pole surface 217a spatially faces concave inner diamet e r surface 12a of pole piece 
12 to define a working air gap area 1 le having a circular arcuate configuration 
5 therebetween, and concave south pole surface 217b spatially faces convex inner diametei 


having a circular arcuate configuration therebetween. Alternatively, the present invention 
contemplates that planar south pole surface 217c can spatial spatiallv face r e ctangular 
prismatical a planar inner surface 14a of pole segment 14, and/or planar south pole surface 

10 2 1 7d can spatia tspatiallv face r e ctangular prismatical pol e s e gm e nt 16 a planar inner 
surface 16a of pole segment 16 . 

Still referring to FIGS. 8A-8C, magnetic rotational position sensor 310 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A-IC and accompanying text, and a Hall effect device 118 being identical to Hall effect 

15 device 18. Hall effect device 18 is disposed within working air gap area 1 le, and Hall 
effect device 118 is disposed within working air gap area llf. It is to be appreciated that 
Hall effect device 18 and Hall effect device 118 are operable to sense a different 
magnitude of magnetic flux density, respectively, for each degree of synchronized 
rotation of the magnetic field about rotational axes RA axis RA over a definable range of 

20 rotation upward to 180 degrees. It is to be further appreciated that, for each degree of 
synchronized rotation of the magnetic field about rotational axes RA axis RA of a 
definable range of rotation upward to 180 degrees, Hall effect device 18 and Hall effect 
device 118 are operable to^ithe^generate a voltage sensing signal as a function of the 



surface 15a of circular arcutate arcuate segment 15 to define a working air gap area[il4l 
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magnetic flux density of the magnetic flux passing through planar side surface 18a and 
planar side surface 1 18a, respectively, and/or a voltage sensing signal as a function of the 
magnetic flux density of the magnetic flux passing through planar side surface 18b and 
planar side surface 1 18b. . . 

Referring to FIGS. 9A-9C, a magnetic rotational position sensor 410 is shown. 
Magnetic rotational position sensor 410 comprises a loop pole piece 111. Loop pole 
piece 111 includes circular arcuate pole piece 12, and a pole piece 113 having a 
rectangular prismatical pole segment 14, a semi-circular segment 115, and a rectangular 
prismatical pole segment 16. Circular arcuate pole piece 12 and pole piece 1 13 are 
serially adjoined in a closed configuration to define an air gap area 1 1 la. Preferably, 
circular arcuate pole piece 12 and pole piece 113 are unitarily fabricated from a 
ferromagnetic steel, e.g. a low carbon steel. Circular arcuate pole piece 12 and semi- 
circular segment 115 concentrically align with rotational axis RA, and concave inner 
diamet e r surface 12a of pole piece 12 and a convex inner diameter surface 1 15a of semi- 
circular segment 115 radially extend from are swept out by the outer end of a radius 
having its opposite end located on rotational axis RA and that extends circumferentially 
over approximately 190 degrees to facilitate a rotation of loop pole piece IH about 
rotational axis RA over a definable range of rotation upward to 180 degrees. 

Still referring to FIGS. 9A-9C, magnetic rotational position sensor 410 further 
comprises magnet 17 and Hall effect device 18 as previously described herein in 
connection with FIGS. lA-lC and accompanying text. Magnet 17 is disposed within air 
gap area 111a with convex north pole surface 17a facing concave inner diameter surface 
12a of pole piece 12, concave south pole surface 1^17^ adjacently facing convex inner 
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diam e ter surface 1 15a of semi-circular segment 115, planar south pole surface 17c 
adjacently facing rectangular prismatical a planar inner surface 14a of pole segment 14, 
and planar south pole surface 17d adjacently facing r e ctangular pri s matical pole segm e nt 
•j ^a planar inner surface 16a of pole segment 16 to enclose the magnetic flux from 
5 magnet 17 within loop pole piece 111, and as a result, a magnetic field is established 

throughout air gap area 1 1 la. Convex north pole surface 17a of magnet 17 spatially faces 
concave inner diameter surface 12a of pole piece 12 to define a working air gap area 
1 1 lb having a circular arcuate configuration therebetween. Alternatively, the present ^^^^ 
invention contemplates that concave south pole surface 17b can spatol |pati all y 1^ f ac e 

10 convex inner diameter surfacejl l^of semi-circular segment 1 15, planar south pole 

surface 17c can spatial spatiallv face rectangular prismatical a planar inner surface 14a of 
pole segment 14, and/or planar south pole surface 17d can spate tspatiallv face 
rectangular prismatical pole segment 16 a planar inner surface 16a of pole segment 16 . 
Still referring to FIGS. 9A-9C, Hall effect device 18 is disposed within working 

15 air gap area 1 1 lb. It is to be appreciated that Hall effect device 18 is operable to sense a 
different magnitude of magnetic flux density for each degree of synchronized rotation of 
the magnetic field about rotational axis^over a definable range of rotation upward to 180 
degrees. It is to be further appreciated that, for each degree of synchronized rotation of 
the magnetic field about rotational axes RA axis RA of a definable range of rotation 

20 upward to 180 degrees. Hall effect device 18 is operable to Ijthe^ generate a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18a, and/or a voltage sensing signal as a function of the 
magnetic flux density of the magnetic flux passing through planar side surface 18b. 
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Referring to FIGS. lOA-lOC, a magnetic rotational position sensor 510 is shown. 
Magnetic rotational position sensor 510 comprises a loop pole piece 211, a magnet 317, 
and a magnet 417. Magnetic rotational position sensor 510 further comprises Hall effect 
device 18 as previously described in connection with FIGS. 1 A and IB, and a Hall effect 
5 device 118 as previously described in connection with FIGS. 8A and 8B. Loop pole 
piece 211 includes a circular arcuate pole piece 112, and a pole piece 213 having a 
rectangular prismatical pole segment 114, a circular arcuate pole segment 115, and a 
rectangular prismatical pole segment 1 16. Circular arcuate pole piece 1 12 and pole piece 
213 are serially adjoined in a closed configuration to define an air gap area 211a. 

10 Preferably, circular arcuate pole piece 112 and pole piece 213 are unitarily fabricated 
from a ferromagnetic steel, e.g. a low carbon steel. Loop pole piece 21 1 further includes 
a circular arcutat e arcuate segment 212 and a circular arcuate pole segment 215. Circular 
arcuate pole segment 212 is adjoined to a rectangular prismatical pole segment 1 14 and to 
rectangular prismatical pole segment 116, and circular arcuate pole segment 215 is 

15 adjoined to circular arcuate pole segment 1 15 to define an air gap area 21 lb. Circular 
arcuate pole piece 1 12, circular arcuate pole segment 1 15, circular arcuate pole segment 
212, and circular arcuate pole segment 215 concentrically align with rotational axis RA 
as best shown in FIG. IOC, and concave inner diameter surface 1 12a of pole piece 1 12, a 
convex inner diameter surface 1 15a of circular arcuate pole segment 1 15, a concave 

20 inner diamet e r surface 212a of circular arcuate pole segment 212, and a convex inner 
diameter surface 215a of circular arcuate pole segment 215 radially extend from are 
swept out by the outer end of a radius having its opposite end located on -rotational axis 
RA over approximately 175 degrees to facilitate a rotation of loop pole piece 211 about 


21150.V3 


rotational axis RA over a definable range of rotation upward to 170 degrees. A concave 
[pute^ diam e ter surface 1 15b of circular arcuate pole segment 1 15 and a concave ^ut^ ^ 
diameter surface 215b of circular arcuate pole segment 215 facilitates an adjoining of 
loop pole piece 21 1 to a cylindrical control shaft^ 

5 Still referring to FIGS. lOA-lOC, magnet 317 is a permanent magnet having a 

convex north pole surface 317a, a concave south pole surface 317b, a planar south pole 
surface 317c, and a planar south pole surface 317d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 510, the magnetic flux within 
magnet 317 is rectilinearly magnetized from south pole surfaces 317b-317d to convex 

10 north pole surface 317a as exemplary shown by the arrows in FIGS. lOA and lOB. 
Magnet 317 is disposed within air gap area 211a of loop pole piece 21 1 with convex 
north pole surface 317a facing concave inner diameter surface 112a of pole piece 112, 
concave south pole surface 317b adjacently facing convex inner diameter surface 115a of 
circular arcutate arcuate segment 115, planar south pole surface 317c adjacently facing 

15 r e ctangular prismatical a planar inner surface 114a of pole segment 1 14, and planar south 
pole surface 317d adjacently facing rectangular prismatical pole segment 116 a planar 
inner surface 1 16a of pole segment 116 to enclose the magnetic flux from magnet 317 
within loop pole piece 211, and as a result, a magnetic field is established throughout air 


gap area 211a. Convex north pole surface 317a of magnet 317 spatia ^ati all v f^^aces 
20 concave inner diameter surface 1 12a of pole piece 1 12 to define a working air gap area 

211c having a circular arcuate configuration therebetween. Alternatively, the present j^, n 


invention contemplates that concave s<^h pole surface 317b can spafel| patiallv lj face 
convex inner diameter surfacejl I'^of circular arcuate pole segment 1 15, planar south 


32 


21150.V3 

pole si^ace 317c can spatol spatiallv face rectangular priGmatical a planar inner surface 
[ 143 of pole segment 1 14, and/or planar south pole surface 317d can spatk lspatially face 
r e ctangular prismatical pole segment 1 16 a planar inner surface jl6^ of pole segment 1 16 . 
Still referring to FIGS. lOA-lOC, magnet 417 is a permanent magnet having a 

5 convex north pole surface 417a, a concave south pole surface 417b, a planar south pole 
surface 417c, and a planar south pole surface 417d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 510, the magnetic flux within 
magnet 417 is rectilinearly magnetized from south pole surfaces 417b-417d to convex 
north pole surface 417a as exemplary shown by the arrows in FIGS. lOA and lOB. 

10 Magnet 417 is disposed within air gap area 21 lb of loop pole piece 211 with convex 
north pole surface 417a facing concave inner diameter surface 212a of pole piece 212, 
concave south pole surface 417b adjacently facing convex inner diameter surface 215a of 
circular arcutat e arcuate segment 215, planar south pole surface 417c adjacently facing 
r e ctangular prismatical a planar inner surface 1 14a of pole segment 1 14, and planar south 

15 pole surface 417d adjacently facing rectangular prismatical pole segment 116 a planar 
inner surface^ ^of pole segment 116 to enclose the magnetic flux from magnet 417 
within loop pole piece 211, and as a result, a magnetic field is established throughout air 


gap area 21 lb. Convex north pole surface 417a of magnet 417 spafa ^pat i all y l^ ^ace s 
concave inner diamet e r surface 212a of pole piece 212 to define a working air gap area 
20 21 Id having a circular arcuate configuration therebetween. Alternatively, the present 


invention contemplates that concave south pole surface 417b can spatial fi pati al 1 yl ^ face 
convex inner diameter surface ^15] of circular arcuate pole segment 215, planar south 
pole surface 417c can spatfal spatially face rectangular prismatical a planar inner surface 
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1 14a of pole segment 1 14, and/or planar south pole surface 417d can spat^al spatially face 
r e ctangular prismatical pole segment 116 a planar inner surfaceir6a{of pole segment 116 . 

Still referring to FIGS. lOA-lOC, Hall effect device 18 is disposed within working 
air gap area 211c, and Hall effect device 1 18 is disposed within working air gap area 
5 21 Id. It is to be appreciated that Hall effect device 18 and Hall effect device 1 18 are 
operable to sense a different magnitude of magnetic flux density, respectively, for each 
degree of synchronized rotation of the magnetic field about rotational ax e s RA axis RA 
over a definable range of rotation upward to 170 degrees. It is to be further appreciated 
that, for each degree of synchronized rotation of the magnetic field about rotational axes 

10 R Aaxis RA of a definable range of rotation upward to 170 degrees. Hall effect device 18 
and Hall effect device 1 18 are operable to^ith^generate a voltage sensing signal as a 
function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18a and planar side surface 118a, respectively, and/or a voltage sensing signal as 
a function of the magnetic flux density of the magnetic flux passing through planar side 

15 surface 18b and planar side surface 1 18b, respectively. 

Referring to FIGS. 1 1 A-1 IC, a magnetic rotational position sensor 610 is shown. 
Magnetic rotational position sensor 610 comprises loop pole piece 211 and Hall effect 
device 118 as previously described herein in connection with FIGS. lOA and lOB and 
accompanying text, and Hall effect device'^as previously described in connection with 

20 FIGS. lA and IB. Magnetic rotational position sensor 610 further comprises a magnet 
517 and a magnet 617. Magnet 517 is a permanent magnet having a convex north pole 
surface 517a, a concave south pole surface 517b, a planar south pole surface 517c, and a 
planar south pole surface 517d to generate magnetic flux (not shown). Prior to an 
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assembly of magnetic rotational position sensor 610, the magnetic flux within magnet 
517 is rectilinearly magnetized from south pole surfaces 517b-517d to convex north pole 
surface 517a as exemplary shown by the arrows in FIGS. IIA and IIB. Magnet 517 is 
disposed within air gap area 211a with convex north pole surface 517a adjacently facing 
concave inner diameter surface 1 12a of pole piece 112, concave south pole surface 517b 
facing convex inner diameter surface 1 15a of circular arcutate arcuate segment 115, 
planar south pole surface 517c adjacently facing r e ctangular pri s matical a planar inner 
surface 114a of pole segment 1 14, and planar south pole surface 517d adjacently facing 
rectangular prismatical pole segment 1 16 a planar inner surf ace (r6a|of pole segment 116 
to enclose the magnetic flux from magnet 517 within loop pole piece 211, and as a result, 
a magnetic field is established throughout air gap area 211a. Concave south pole surface 
517b spate ^atially l^faces convex inner diam e ter surface 1 15a of circular 
arcutate arcuate segment 1 15 to define a working air gap area 21 le having a circular 
arcuate configuration therebetween. Alternatively, the present invention contemplates 
that convex north pole surface 517a can spatie ^atially lj face concave inner diameter 

@> 

surface 1 12a of pole piece 1 12, planar south pole surface 517c can spatia ^ atially face 
rectangular prismatical a planar inner surface 1 14a of pole segment 1 14, and/or planar 
south pole surface 517d can spatialspatially face rectangular prismatical pole segment 
j4-6 a planar inner surfacen6^of pole segment 116 . 

Still referring to FIGS. UA-llC, magnet 617 is a permanent magnet having a 
convex north pole surface 617a, a concave south pole surface 617b, a planar south pole 
surface 617c, and a planar south pole surface 617d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 610, the magnetic flux within 
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magnet 617 is rectilinearly magnetized from south pole surfaces 617b-617d to convex 
north pole surface 617a as exemplary shown by the arrows in FIGS. 1 1 A and 1 IB. 
Magnet 617 is disposed within air gap area 211b with convex north pole surface 617a 
adjacently facing concave inner diam e ter surface 212a of pole piece 212, concave south 
5 pole surface 617b facing convex inner diameter surface 215a of circular arcutat e arcuate 
segment 215, planar south pole surface 617c adjacently facing r e ctangular prismatical a 
planar inner surface 1 14a of pole segment 1 14, and planar south pole surface 617d 
adjacently facing r e ctangular prismatical pol e s e gment 116 a planar inner surface(T6^of 
pole segment 116 to enclose the magnetic flux from magnet 617 within loop pole piece 

10 211, and as a result, a magnetic field is established throughout air gap area^l 1^ Concave 
south pole surface 617b spatial ^ patially f^l'aces convex inner diameter surface 215a of 
circular arcutate arcuate segment 215 to define a working air gap area 21 If having a 
circular arcuate configuration therebetween. Alternatively, the present invention 
contemplates that convex north pole surface 617a can spato ^ati al 1 y l^^ace concave 

15 inner diameter surface 212a of pole piece 212, planar south pole surface 617c can 

spafa tspatiallv face rectangular prismatical a planar inner surface ri4a of pole segment 
114, and/or planar south pole surface 617d can spatia lspatially face rectangular 
prismatical a planar inner surface 1 16a of pole segment 116. 

Still referring to FIGS. IIA-IIC, magnetic rotational position sensor 610 further 

20 comprises Hall effect device 18 as previously described herein in connection with FIGS. 
lA and IB and accompanying text, and Hall effect device 118 as previously described in 
connection with FIGS. lOA and lOB and accompanying text. Hall effect device 18 is 
disposed within working air gap area 21 le, and Hall effect device 1 18 is disposed within 
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working air gap area 21 If. It is to be appreciated that Hall effect device 18 and Hall 
effect device 1 18 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axes RA axis RA over a definable range of rotation upward to 170 degrees. It is 
5 to be further appreciated that, for each degree of synchronized rotation of the magnetic 
field about rotational axes RA axis RA of a definable range of rotation upward to 170 
degrees, Hall effect device 18 and Hall effect device 1 18 are operable to^the^generate a 
voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18a and planar side surface 1 18a, respectively, and/or 

10 a voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18b and planar side surface 118b, respectively. 

Referring to FIGS. 12A-12C, a magnetic rotational position sensor 710 is shown. 
Magnetic rotational position sensor 710 comprises loop pole piece 211, magnet 317 and 
magnet 417 as previously described herein in connection with FIGS. lOA and lOB and 

15 accompanying text. Magnetic rotational position sensor 710 further comprises magnet 
517 and magnet 617 as previously described herein in connection with FIGS. IIA and 
1 IB and accompanying text. Magnet 317 and magnet 517 are disposed within air gap 
area 211a with convex north pole surface 317a facing concave south pole surface 517b, 
concave south pole surface 317b adjacently facing convex inner diameter surface 115a of 

20 circular arcutate arcuate segment 1 15, planar south pole surface 317c adjacently facing 
rectangular prismatical a planar inner surface 114a of pole segment 1 14, planar south pole 
surface 317d adjacently facing rectangular prismatical pole segm e nt 116 a planar inner 
surface(l6^of pole segment 116 , convex north pole surface 517a adjacently facing 
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concave inner diameter surface 1 12a of pole piece 1 12, planar south pole surface 517c 
adjacently facing rectangular priGmatical a planar inner surface 1 14a of pole segment 1 14, 
and planar south pole surface 517d adjacently facing rectangular prismatical ^flplanar 
inner surface 116a of pole segment 1 16 to enclose the magnetic flux from magnet 317 
5 and the magnetic flux from magnet 517 within loop pole piece 211, and as a result, a 
magnetic field is established throughout air gap area 211a. Convex north pole surface 
317a spato ^ati all vT ^^f aces concave south pole surface 517b to define a working air gap 
area 21 Ig having a circular arcutate arcuate configuration therebetween. Alternatively, 
the present invention contemplates that concave south pole surface 317b can 

10 spatia ^atiallv i^ face convex inner diameter surface Q.! 5| of circular arcuate pole segment 
115, planar south pole surface 317c can spatia tspatiallv face rectangular prismatical a 
planar inner surface 114a of pole segment 1 14, planar south pole surface 317d can JQt^ 
spatial spatiallv face rectangular prismatical pole segment 1 16 a planar inner surface(j6^ 
of pole segment 116 , convex north pole surface 517a can spato ^a ti al 1 v l^ face concave 

15 inner diameter surface 1 12a of pole piece 1 12, planar south pole surface 517c can 

spatial spatiallv face rectangular prismatical a planar inner surface 114a of pole segment 
1 14, and/or planar south pole surface 517d can spatia lspatially face rectangular 
prismatical pol e s e gm e nt 116 a planar inner surface[i6^of pole segment 116 . 

Still referring to FIGS. 12A-12C, magnet 417 and magnet 617 are disposed within 

20 air gap area 21 lb with convex north pole surface 417a facing concave south pole surface 
617b, concave south pole surface 417b adjacently facing convex inner diameter surface 
215a of circular arcutate arcuate segment 215, planar south pole surface 417c adjacently 
facing rectangular prismatical a planar inner surf ace [iM'alof pole segment 114, planar 
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south pole surface 417d adjacently facing rectangular prismatical pol e segment 116 a 
planar inner surface^6alof pole segment 116 , convex north pole surface 617a adjacently 
facing concave inner diamet e r surface 212a of pole piece 212, planar south pole surface 
617c adjacently facing rectangular prismatical a planar inner surface jri4^of pole segment 

5 1 14, and planar south pole surface 617d adjacently facing rectangular pri s matical pole 
s e gment 1 16 a planar inner surface ji6'^of pole segment 116 to enclose the magnetic flux 
from magnet 417 and the magnetic flux from magnet 617 within loop pole piece 211, and 
as a result, a magnetic field is established throughout air gap area 211b. Convex north 
pole surface 5 17a spatial gpatially l^ faces concave south pole surface 617b to define a 

10 working air gap area 21 Ih having a circular arcutat e arcuate configuration therebetween. 
Alternatively, the present invention contemplates that concave south pole surface 417b 
can spatia^gatiallyb^ f ace convex inner diam e ter surface (I is) of circular arcuate pole 
segment 115, planar south pole surface 417c can spatml spatially face rectangular 
prismatical a planar inner surface ^14a|of pole segment 1 14, planar south pole surface 

15 417d can spatial spatiallv face rectangular prismatical pole segment 1 16 a planar inner gpo^MalVy 


surface|[6^of pole segment 116 , convex north pole surface 617a can spatk ^a ti al 1 v lvj 
face concave inner diameter surface 212a of pole piece 212, planar south pole surface 
617c can spatial spatiallv face r e ctangular prismatical a planar inner surface (il4^of pole 
segment 1 14, and/or planar south pole surface 617d can spatial spatiallv face r e ctangular 
20 prismatical pole segment 1 16 a planar inner surface\l6^of pole segment 1 16 . In addition, 
the present invention contemplates that magnet 417 and magnet 617 can be magnetized in 
opposing directions to establish two magnetic field throughout air gap area 211b. 

K 
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Still referring to FIGS. 12A-12C, magnetic rotational position sensor 710 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A and IB and accompanying text, and Hall effect device 118 as previously described in 
connection with FIGS. lOA and lOB and accompanying text. Hall effect device 18 is 
5 disposed within working air gap area 21 Ig, and Hall effect device 1 18 is disposed within 

working air gap area 21 Ih It is to be appreciated that Hall effect device 18 and Hall 

A 
» 

effect device 1 18 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axe s RA axis RA over a definable range of rotation upward to 170 degrees. It is 

10 to be further appreciated that, for each degree of synchronized rotation of the magnetic 
fields about rotational axes RA axis RA of a definable range of rotation upward to 170 
degrees, Hall effect device 18 and Hall effect device 118 are operable toQithe^ generate a 
voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18a and planar side surface 118a, respectively, and/or 

15 a voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18b and planar side surface 118b, respectively. 

Referring to FIGS. 13A-13C, a magnetic rotational position sensor 810 is shown. 
Magnetic rotational position sensor 810 comprises a loop pole piece 311. Loop pole 
piece 311 includes circular arcuate pole piece 1 12, and a pole piece 313 having 

20 rectangular prismatical pole segment 1 14, a circular conical segment 315, and rectangular 
prismatical pole segment 1 16. Circular arcuate pole piece 1 12 and pole piece 313 are 
serially adjoined in a closed configuration to define an air gap area 311a. Preferably, 
circular arcuate pole piece 112 and pole piece 313 are unitarily fabricated from a 
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ferromagnetic steel, e.g. a low carbon steel. Loop pole piece 311 further includes a 
circular arcuate pole piece 212 adjoined to rectangular prismatical pole segment 1 14 and 
to rectangular prismatical pole segment 1 16 to define an air gap area 31 lb. Circular 
arcuate pole piece 1 12, circular conical segment 315, and circular arcuate pole piece 212 
5 concentrically align with rotational axis RA, and concave inner diameter surface 112a of 
pole piece 112, a convex inner diamet e r surface 315a of circular conical segment 315, a 
convex inner diameter surface 315b of circular conical segment 315, and a concave inner 
diameter surface 212a of pole piece 212 radially ext e nd from are swept out by the outer 
end of a radius having its opposite end located on rotational axis RA and that extends 
10 circumferentially over approximately 175 degrees to facilitate a rotation of loop pole 
piece 311 about rotational axis RA over a definable range of rotation upward to 170 
degrees. 

Still referring to FIGS. 13A-13C, magnetic rotational position sensor 810 further 
comprises magnet 317, and magnet 417 as previously described herein in connection with 

15 FIGS. lOA-lOC and accompanying text. Magnet 317 is disposed within air gap area 

311a with convex north pole surface 317a facing concave inner diam e t e r surface 112a of 
pole piece 112, concave south pole surface 317b adjacently facing convex inner diameter 
surface 315a of circular conical segment 315, planar south pole surface 317c adjacently 
facing r e ctangular prismatical a planar inner surface 114a of pole segment 1 14, and planar 

20 south pole surface 317d adjacently facing rectangular prismatical pol e s e gment 116 a 
planar inner surface ^6^of pole segment 1 16 to enclose the magnetic flux from magnet 
317 within loop pole piece 311, and as a result, a magnetic field is established throughout 
air gap area 311a. Convex north pole surface 317a of magnet 317 spatial ly faces concave 
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inner diameter surface 1 12a of pole piece 1 12 to define a working air gap area 311c 
having a circular arcuate configuration therebetween. Alternatively, the present invention 
contemplates that concave south pole surface 317b can spato fepati al 1 v H face convex 
inner diameter surface 315a of circular conical segment 315, planar south pole surface 
317c can spatiat spatiallv face r e ctangular prismatical a planar inner surface 1 14a of pole 
segment 1 14, and/or planar south pole surface 317d can spatel spatially face r e ctangular 
pn s matical pole s e gment 1 16 a planar inner surfacey. 6a| of pole segment 116 . 

Still referring to FIGS. 13A-13C, magnet 417 is disposed within air gap area 311b 
with convex north pole surface 417a facing concave inner diameter surface 212a of pole 
piece 212, concave south pole surface 417b adjacently facing convex inner diameter 
surface 315b of circular conical segment 315, planar south pole surface 417c adjacently 
facing rectangular prismatical a planar inner surfaceJli4a(of pole segment 1 14, and planar 
south pole surface 417d adjacently facing r e ctangular prismatical pole segment 116 a 
planar inner surface ^16^ of pole segment 1 16 to enclose the magnetic flux from magnet 
417 within loop pole piece 311, and as a result, a magnetic field is established throughout w 


air gap area 311b. Convex north pole surface 417a of magnet 417 spato ^atiallvl j faces 
concave inner diameter surface 212a of pole piece 212 to define a working air gap area 
31 Id having a circular arcuate configuration therebetween. Alternatively, the present 


invention contemplates that concave south pole surface 417b can spatia ^ati al 1 vl ^'^ace 
convex inner diamet e r surface 315b of circular conical segment 315, planar south pole mi^> 
surface 417c can spatml spatially face rectangular prismatical a planar inner surfacetl 14a ] 
of pole segment 1 14, and/or planar south pole surface 417d can spatiaispatially face 
rectangular prismatical pole segment 116 a planar inner surface^6ajof pole segment 116 . 
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Still referring to FIGS. 13A-13C, magnetic rotational position sensor 810 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
lA and IB and accompanying text, and Hall effect device 118 as previously described in 
connection with FIGS. lOA and lOB and accompanying text. Hall effect device 18 is 
5 disposed within working air gap area 31 Ic, and Hall effect device 1 18 is disposed within 
working air gap area 3 lid. It is to be appreciated that Hall effect device 18 and Hall 
effect device 118 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axes RA axis RA over a definable range of rotation upward to 170 degrees. It is 

10 to be further appreciated that, for each degree of synchronized rotation of the magnetic 
field about rotational axes RA axis RA of a definable range of rotation upward to 170 
degrees, Hall effect device 18 and Hall effect device 118 are operable toQithe^generate a 
voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18a and planar side surface 118a, respectively, and/or 

15 a voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18b and planar side surface 118b, respectively. 

Referring to FIGS. 14A-14C, a magnetic rotational position sensor 20 is shown. 
Magnetic rotational position sensor 20 comprises a loop pole piece 21, a magnet 24, and 
Hall effect device 18. Loop pole piece 21 includes a circular arcuate pole piece 22, and a 

20 rectangular prismatical pole piece 23 serially adjoined in a closed configuration to define 
an air gap area 21a. Preferably, circular arcuate pole piece 22 and rectangular prismatical 
pole piece 23 are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon steel. 
Circular arcuate pole piece 22 concentrically aligns with rotational axis RA as best shown 
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in FIG. 14C, and concave inner diameter surface 22a of pole piece 22 radially extends 
from rotational axis RA over approximately 190 degrees to facilitate a rotation of loop 
pole piece 21 about rotational axis RA over^def^nablp^ange £f rotation upward to 180 
degrees. Planar inner diam e t e r surface 23aS-adially extends from rotational axis RA. 

Still referring to FIGS. 14A-14C, magnet 24 is a permanent magnet having a 
convex north pole surface 24a, and a planar south pole surface 24b to generate magnetic 
flux (not shown). Prior to an assembly of magnetic rotational position sensor 20, the 
magnetic flux within magnet 24 is rectilinearly magnetized from south pole surface 24b 
to convex north pole surface 24a as exemplary shown by the arrows in FIGS. 14A and 
14B. Magnet 24 is disposed within air gap area 21a of loop pole piece 21 with convex 
north pole surface 24a facing concave inner diameter surface 22a of pole piece 22, and 
planar south pole surface 24b adjacently facing a planar inner diam e ter surface 23a of 
pole piece 23 to enclose the magnetic flux from magnet 24 within loop pole piece 21, and 
as a result, a magnetic field is established throughout air gap area 21a as exemplary o/vA 
shown in FIGS. 16A-16C. Convex north pole surface 24a of magnet 24 spatja ^atiallv lYI 
faces concave inner diamet e r surface 22a of pole piece 22 to define a working air gap 
area 21b having a circular arcuate configuration therebetween. Alternatively, the present ^ 


invention contemplates that planar south pole surface 24b can spato l|patiallv l^planar 
inner diameter surface 23a of pole piece 23. 

Still referring to FIGS. 14A-14C, Hall effect device 18 is disposed within working 
air gap area 21b. It is to be appreciated that Hall effect device 18 is operable to sense a 
magnetic flux density of any magnetic flux through Hall effect device 18 via a planar side 
surface 18a and a planar side surface 18b of Hall effect device 18. Hall effect device 18 
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is further operable to^the^generateEithe^a voltage sensing signal as a function of the 
magnetic flux density of any magnetic flux passing through planar side surface 18a 
and/or a voltage sensing signal as a function of the magnetic flux density of any magnetic 
flux passing through planar side surface 18b. 
5 Referring to FIGS. 15A and 15B, an exemplary adjoining of magnetic rotational 

position sensor 20 to cylindrical control shaft 1 (being non-magnetic and non- 
magnetizable) is shown. Magnetic rotational position sensor 20 is assembled as 
previously described in connection with FIGS. 14A-14C and accompanying text within a 
container 4, and a lid 5 is adjoined to container 4 to house pole piece 21 and magnet 24 

10 within container 4. Lid 5 has a slot 5a to enable the leads of Hall effect device 18 to 
extend out of lid 5. Container ^jind lid 5 are adjoined to outer diameter surfaceQ^of 
cylindrical control shaft 1 to adjoin loop pole piece 21 and magnet 24 to cylindrical 
control shaft 1 and to coincide rotational axis RA (FIG. 14C) with longitudinal axis LA 
of cylindrical control shaft 1. It is to be appreciated that loop pole'21 and magnet 24 will 

15 synchronously rotate about coinciding rotational axes LA/RA as cylindrical control shaft 
1 is rotated about coinciding rotational axes LA/RA, and as a result, each degree of 
rotation of cylindrical control shaft 1 about coinciding rotational axes LA/RA exclusively 
corresponds to a distinct degree of synchronized rotation of the magnetic field (not 
shown) established throughout air gap area 21a (FIGS. 14A and 14B) about coinciding 

20 rotational axes LA/RA over a definable range of rotation upward to 180 degrees. 

Referring to FIGS. 16A-16C, diagranmiatic illustrations of loop pole piece 21, 
magnet 24, and a magnetic field synchronously rotating with cylindrical control shaft 1 
about coinciding rotational axes LA/RA over a definable range of rotation upward to 180 
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degrees is shown. To sense each degree of rotation of cyUndrical control shaft 1 about 
coinciding rotational axes LA/RA over a definable range of rotation upward to 180 
degrees, it is to be appreciated that the magnetic flux density of any magnetic flux 
passing through Hall effect device 18 via planar side surface 18a (FIG. 14A) and planar 
5 side surface 18b (FIG. 14B) must be different for each degree of synchronized rotation of 
the magnetic field about coinciding rotational axes LA/RA. As previously described 
herein, the magnetic flux within magnet 24 is rectilinearly magnetized from south pole 
surface 24b (FIG. 14B) to north pole surface 24a (FIG. 14A) prior to the assembly of 
magnetic rotational position sensor 20. Upon the disposal of magnet 24 within loop pole 

10 piece 21, the arcuate configuration of working air gap area 21b realigns the magnetization 
of the magnetic flux within magnet 24 as exemplary'in FIGS. 16A-16C to facilitate a 
sensing of a different magnitude of magnetic flux density by Hall effect 18 for each 
degree of synchronized rotation of the magnetic field about coinciding rotational axes 
LA/RA as evidenced by the positioning of Hall effect device 18 throughout working air 

15 gap area 21b along an arc path AP2 radially extending from coinciding rotational axes 
LA/RA. The arcuate configuration of working air gap area 21b is circular to facilitate a 
symmetrical balancing of the magnetic flux of the magnetic field throughout working air 
gap area 21b as shown in FIGS. 16A-16C. Planar side surface 18a and planar side 
surface 18b of Hall effect device 18 are perpendicular to concave inner diam e ter surface 

20 22a (FIG. 14B) of pole piece 22 and to convex north pole surface 24a (FIG. 14A) of 
magnet 24 as loop pole piece 21 and magnet 24 are synchronously rotated about 
coinciding rotational axes LA/RA to facilitate a uniform differential of the magnetic flux 
passing through Hall effect device 18 for each degree of synchronized rotation of control 
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shaft 1 and the magnetic field about coinciding rotational axes LA/RA over a definable 
range of rotation upward to 180 degrees. Thus, it is to be appreciated that Hall effect 
device 18 is operable to sense a different magnitude of magnetic flux density for each 
degree of synchronized rotation of control shaft 1 and the magnetic field about coinciding 
5 rotational axes LA/RA over a definable range of rotation upward to 180 degrees. It is to 
be further appreciated that, for each degree of synchronized rotation of control shaft 1 
and the magnetic field about coinciding rotational axes LA/RA over a definable range of 
rotation upward to 180 degrees, Hall effect device 18 is operable to\eithe^generate a 
voltage sensing signal Vssi as a function of the magnetic flux density of the magnetic 

10 flux passing through planar side surface 18a as shown in FIG. 16D and/or a voltage 
sensing signal Vss2 as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18b as shown in FIG. 16D. 

Referring to FIGS. 17A-17C, a magnetic rotational position sensor 20' is shown. 
Magnetic rotational position sensor 20' comprises loop pole piece 21^,3and magnet 24'. 

15 Loop pole piece 21' includes a circular arcuate pole piece 22', and a rectangular 

prismatical pole piece 23' serially adjoined in a closed configuration to define an air gap 
area 21a'. Preferably, circular arcuate pole piece 22' and rectangular prismatical pole 
piece 23' are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon steel. 
Circular arcuate pole piece 22' concentrically aligns with rotational axis RA as best 

20 shown in FIG. 17C, and concave inner diameter surface 22a' of pole piece 22' radially 
extends from rotational axis RA over approximately 100 degrees to facilitate a rotation of 
loop pole piece 21' about rotational axis RA over a definable range of rotation upward to 
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ninety (90) degrees. Planar inner diameter surface 23a' radially extends from rotational 
axis RA. 

Still referring to HGS. 17A-17C, magnet 24' is a permanent magnet having a 
convex north pole surface 24a', and a planar south pole surface 24b' to generate magnetic 
5 flux (not shown). Prior to an assembly of magnetic rotational position sensor 20', the 
magnetic flux within magnet 24' is rectilinearly magnetized from south pole surface 24b' 
to convex north pole surface 24a' as exemplary shown by the arrows in FIGS. 17 A and 
17B. Magnet 24' is disposed within air gap area 21a' of loop pole piece 21' with convex 
north pole surface 24a' facing concave inner diameter surface ^2aj3f pole piece 22', and 

10 planar south pole surface 24b' adjacently facing a planar inner diam e t e r surface 23a' of 
pole piece 23' to enclose the magnetic flux from magnet 24' within loop pole piece 21', 
and as a result, a magnetic field is established throughout air gap area 21a'. Convex 
north pole surface 24a' of magnet 24' spatie?^atiallyl^ faces concave inner diam e ter 
surface 22a' of pole piece 22' to define a working air gap area 21b' having a circular 

15 arcuate configuration therebetween. Alternatively, the present invention contemplates 
that planar south pole surface 24b' can spato ^spati al 1 y l^ plan ar inner diam e t e r surface 
23a' of pole piece 23'. # 

Still referring to FIGS. 17A-17C, magnetic rotational position sensordo^ further 
comprises Hall effect device 18 as previously described in connection with FIGS. lA and 

20 IB and accompanying text. Hall effect device 18 is disposed within working air gap area 
21b'. It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational ax e s RA axis RA over a definable range of rotation 
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upward to ninety (90) degrees. It is to be further appreciated that, for each degree of 
synchronized rotation of the magnetic field about rotational ax e s RA axis RA of a 
definable range of rotation upward to ninety (90) degrees, Hall effect device 18 is 
operable to^the^generate a voltage sensing signal as a function of the magnetic flux 
5 density of the magnetic flux passing through planar side surface 18a, and/or a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b. 

Referring to FIGS. 18A-18C, a magnetic rotational position sensor 20" is shown. 
Magnetic rotational position sensorjgO'Jcomprises loop pole piece 21 £,-pnd magnet 24". 

10 Loop pole piece 21" includes a circular arcuate pole piece 22", and a rectangular 

prismatical pole piece 23" serially adjoined in a closed configuration to define an air gap 
area 21a". Preferably, circular arcuate pole piece 22" and rectangular prismatical pole 
piece 23" are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon steel. 
Circular arcuate pole piece 22" concentrically aligns with rotational axis RA as best 

15 shown in FIG. 18C, and concave inner diameter surface 22a" of pole piece 22" radially 
extends from rotational axis RA over approximately 280 degrees to facilitate a rotation of 
loop pole piece 21" about rotational axis RA over a definable range of rotation upward to 
270 degrees. Planar inner diam e t e r surface 23a" radially extends from rotational axis 
RA. 

20 Still referring to FIGS. 18A-18C, magnet 24" is a permanent magnet having a 

convex north pole surface 24a", and a planar south pole surface 24b" to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
20", the magnetic flux within magnet 24" is rectilinearly magnetized from south pole 
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surface 24b" to convex north pole surface 24a" as exemplary shown by the arrows in 
HGS. 18A and 18B. Magnet 24" is disposed within air gap area 21a" of loop pole piece 
21" with convex north pole surface 24a" facing concave inner diameter surface 22a' 'of 
pole piece 22", and planar south pole surface 24b" adjacently facing a planar inner 
diameter surface 23a" of pole piece 23" to enclose the magnetic flux from magnet 24" 
within loop pole piece 21", and as a result, a magnetic field is established throughout air 


gap area 21a". Convex north pole surface 24a" of magnet 24" spate^atiallyl^l'aces 
concave inner diameter surface 22a" of pole piece 22" to define a working air gap area 
21b" having a circular arcuate configuration therebetween. Alternatively, the present . \\ cy o 


10 invention contemplates that planar south pole surface 24b" can spattaf |patially l^planar 
inner diameter surface 23a' ' of pole piece 23 " . "^<=> '_ 

Still referring to FIGS. 18A-18C, magnetic rotational position sensor iolfurther 
comprises Hall effect device 18 as previously described in connection with FIGS. lA and 
IB and accompanying text. Hall effect device 18 is disposed within working air gap area 

15 21b". It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational axes RA axis RA over a definable range of rotation 
upward to nin e ty (90) 270 degrees. It is to be further appreciated that, for each degree of 
synchronized rotation of the magnetic field about rotational axes RA axis RA of a 

20 definable range of rotation upward to ninety (00) 270-degrees. Hall effect device 18 is 
operable to^the^generate a voltage sensing signal as a function of the magnetic flux 
density of the magnetic flux passing through planar side surface 18a, and/or a voltage 
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sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b. 

Referring to FIGS. 19A-19C, a magnetic rotational position sensor 120 is shown. 
Magnetic rotational position sensor 120 comprises loop pole piece 21 and magnet 24 as 

5 previously described herein in connection with FIGS. 14A and 14B and accompanying 
text. Magnetic rotational position sensor 120 further comprises magnet 117 previously 
described herein in connection with FIGS. 7 A and 7B and accompanying text^-yMagnet 
24 and magnet 117 are disposed within air gap area 21a with convex north pole surface 
24a^ce"s|concave south pole surface 117b of magnet 117, convex north pole surface 

10 1 17a of magnet 1 17 adjacently facing concave inner diameter surface 22a of pole piece 
22, planar south pole surface 1 17c of magnet 117 adjacently facing planar inner diamet e r 
surface 23a of pole piece 23, planar south pole surface 117d of magnet 117 adjacently 
facing planar inner diamet e r surface 23a of pole piece 23, and planar south pole surfac^ ^ 


24b of magnet 24 adjacently facing planar inner diamet e r surface 23a of pole piece^3t'Q\ 
15 enclose the magnetic flux from magnet 24 and magnet 117 within loop pole piece 21, and 
as a result, a magnetic field is established throughout air gap area 21a. Concave south 
pole surface 1 17b of magnet 117 spatia ^atiallv l^ faces convex north pole surface 24a of 
magnet 24 to define a working air gap area 21c having a circular arcuate configuration 
therebetween. Alternatively, the present invention contemplates that convex north pole 
20 surface 1 17a of magnet 1 17 can spatia j^atiallv l^face concave inner diam e t e r surface 
22a of pole piece 22, planar south pole surface 1 17d can spatial spatiallv face planar inner 
diameter surface 23a of pole piece 23, planar south pole surface 1 17d can spatol spatiallv 
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face planar inner diameter surface 23a of pole piece 23, and/or planar south pole surface 


24b spatoi spatially face planar inner diam e ter surface 23a of pole piece 23. 

Still referring to FIGS. 19A-19C, magnetic rotational position sensor 120 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 


5 19A 19C( j ^A-lDja nd accompanying text. Hall effect device 18 is disposed within 

working air gap area 21c. It is to be appreciated that Hall effect device 18 is operable to 
sense a different magnitude of magnetic flux density for each degree of synchronized 
rotation of the magnetic field about rotational axes RA axis RA over a definable range of 
rotation upward to 180 degrees. It is to be further appreciated that, for each degree of 
10 synchronized rotation of the magnetic field about rotational ax e s RA axis RA of a 

definable range of rotation upward to 180 degrees. Hall effect device 18 is operable to 
^ithe^generate a voltage sensing signal as a function of the magnetic flux density of the 
magnetic flux passing through planar side surface 18a, and/or a voltage sensing signal as 
a function of the magnetic flux density of the magnetic flux passing through planar side 
15 surface 18b. 

Referring to FIGS. 20A-20C, a magnetic rotational position sensor 220 is shown. 
Magnetic rotational position sensor 220 comprises loop pole piece 21 and magnet 24 as 
previously described herein in connection with FIGS. 14A and 14B and accompanying 
text. Magnetic rotational position sensor 220 further comprises magnet 217 previously 
20 described herein in connection with FIGS. 8 A and 8B and accompanying text. Magnet 
24 and magnet 217 are disposed within air gap area 21a with convex north pole surface 
24a^ce|t;oncave south pole surface 217b of magnet 217, convex north pole surface 
217a of magnet 217 adjacently facing concave inner diameter surface 22a of pole piece 
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22, planar south pole surface 217c of magnet 217 adjacently facing planar inner diameter 

surface 23a of pole piece 23, planar south pole surface 217d of magnet 217 adjacently 

facing planar inner diameter surface 23a of pole piece 23, and planar south pole surface 

24b of magnet 24 adjacently facing planar inner diameter surface 23a of pole piece 23 to 

5 enclose the magnetic flux from magnet 24 and magnet 217 within loop pole piece 21, and 

as a result, a magnetic field is established throughout air gap area 21a. Convex south 

— • 

pole surface 217a of magnet 217 spatia ^spati al 1 v l m faces concave inner diameter surface 
22a of pole piece 22 to define a working air gap area 21d having a circular arcuate 
configuration therebetween, and concave south pole surface 217b of magnet 217 
10 spatial | patially f^ faces convex north pole surface 24a of magnet 24 to define a working 
air gap area 21e having a circular arcuate configuration therebetween. Alternatively, the 
present invention contemplates that planar south pole surface 217d can spatml spatially 
face planar inner diameter surface 23a of pole piece 23, planar south pole surface 217d 
can spatiat spatially face planar inner diameter surface 23a of pole piece 23, and/or planar 

V 

15 south pole surface 24b spatia lspatially face planar inner diameter surface 23a of pole 
piece 23. 

Still referring to FIGS. 20A-20C, magnetic rotational position sensor 220 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
lA-lC and accompanying text, and Hall effect device 118 as previously described herein 
20 in connection with FIGS. 8A-8C and accompanying text. Hall effect device 18 is 

disposed within working air gap area 21d, and Hall effect device 118 is disposed within 
working air gap area 21e. It is to be appreciated that Hall effect device 18 and Hall effect 
device 118 are operable to sense a different magnitude of magnetic flux density, 
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respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axes RA axis RA over a definable range of rotation upward to 180 degrees. It is 
to be further appreciated that, for each degree of synchronized rotation of the magnetic 
field about rotational axes RA axis RA of a definable range of rotation upward to 180 
5 degrees, Hall effect device 18 and Hall effect device 1 18 are operable to^thejQgenerate a 
voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18a and planar side surface 118a, respectively, and/or 
a voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18b and planar side surface 1 18b, respectively. 

10 Referring to FIGS. 21A-21C, a magnetic rotational position sensor 320 is shown. 

Magnetic rotational position sensor 320 comprises loop pole piece 21 as previously 
described herein in connection with FIGS.\lA-lQland accompanying text. Magnetic 
rotational position sensor 320 further comprises a magnet 124. Magnet 124 is a 
permanent magnet having a convex north pole surface 124a, and a planar south pole 

15 surface 124b to generate magnetic flux (not shown). Prior to an assembly of magnetic 
rotational position sensor 320, the magnetic flux within magnet 124 is recti linearly 
magnetized from planar south pole surface 124b to convex north pole surface 124a as 
exemplary shown by the arrows in FIGS. 21A and-24 B21B . Magnet 124 is disposed 
within air gap area 21a with convex north pole surface 124a facing concave inner 

20 diameter surface 22a of pole piece 22, and planar south pole surface 124b facing planar 
inner diameter surface 23a of pole piece 23 to enclose the magnetic flux from magnet 124 
within loop pole piece 21, and as a result, a magnetic field is established throughout air 
gap area 21a. Convex north pole surface 1 24a spatia ^spati al 1 v i^ faces concave inner 
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diameter surface 22a of pole piece 22 to define a working air gap area 2 If having 
circular arcuate configuration therebetween, and concave south pole surface^l2^ ^ 
spatm ^ati al 1 y l^ faces planar inner diameter surface 23a of pole piece 23 to provide an 
additional spacing within air gap area 21a. 
5 Still referring to FIGS. 21A-21C, magnetic rotational position sensor 320 further 

comprises Hall effect device 18 as previously described herein in connection with FIGS. 
lA-lC and accompanying text. Hall effect device 18 is disposed within working air gap 
area 21f. It is to be appreciated that Hall effec t device 18 are device 18 is operable to 
sense a different magnitude of magnetic flux for each degree of synchronized rotation of 

10 the magnetic field about rotational ax e s RA axis RA over a definable range of rotation 
upward to 180 degrees. It is to be further appreciated that, for each degree of 
synchronized rotation of the magnetic field about rotational axes RA axis RA of a 
definable range of rotation upward to 180 degrees. Hall effec t device 18 are device 18 is 
operable to^the^ generate a voltage sensing signal as a function of the magnetic flux 

15 density of the magnetic flux passing through planar side surface 18a, and/or a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b. 

Referring to FIGS. 22A-22C, a magnetic rotational position sensor 420 is shown. 
Magnetic rotational position sensor 420 comprises a loop pole piece 121, a magnet 124, 

20 and a magnet 224. Magnetic rotational position sensor 420 further comprises Hall effect 
device 18 as previously described in connection with FIGS. lA and IB, and a Hall effect 
device 118 as previously described in connection with FIGS. 8 A and 8B. Loop pole 
piece 121 includes a circular arcuate pole piece 122 and a rectangular prismatical pole 
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piece 123 serially adjoined in a closed configuration to define an air gap area 121a. 
Preferably, circular arcuate pole piece 122 and pole piece 123 are unitarily fabricated 
from a ferromagnetic steel, e.g. a low carbon steel. Loop pole piece 121 further includes 
a circular arcutate arcuate pole piece 125 adjoined to pole piece 123 to define an air gap 
5 area 121b. Circular arcuate pole piece^l^ and circular arcuate pole piece 125 

concentrically align with rotational axis RA as best shown in FIG. 22C, and concave 
inner diameter surface[il2| of pole piece[l 12]a concave inner diameter surface 125a of 
pole piece 125 radially extend from are swept out by the outer end of a radius having its 
opposite end located on rotational axis RA and that extends circumferentially over 

10 approximately 175 degrees to facilitate a rotation of loop pole piece 121 about rotational 
axis RA over a definable range of rotation upward to 170 degrees. 

Still referring to FIGS. 22A-22C, magnet 124 is a permanent magnet having a 
convex north pole surface 124a, and a planar south pole surface 124b to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 

15 420, the magnetic flux within magnet 124 is rectilinearly magnetized from south pole 
surface 124b to convex north pole surface 124a as exemplary shown by the arrows in 
FIGS. 22A and 22B. Magnet 124 is disposed within air gap area 121a of loop pole piece 
121 with convex north pole surface 124a facing concave inner diam e ter surface 122a of 
pole piece 122, and planar south pole surface 124b adjacenfly facing planar inner 

20 diameter surface 123a of pole piece 123 to enclose the magnetic flux from magnet 124 
within loop pole piece 121, and as a result, a magnetic field is established throughout air 
gap area 121a. Convex north pole surface 124a of magnet 124 spatt ^^atially l^ faces 
concave inner diameter surface 122a of pole piece 122 to define a working air gap area 
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121c having a circular arcuate configuration therebetween. Alternatively, the present . u 


invention contemplates that concave south pole surface 124b can spatia ^atiallyl ^face 
planar inner diameter surface 123a of pole piece 123. 

Still referring to FIGS. 22A-22C, magnet 224 is a permanent magnet having a 

5 convex north pole surface ^4*^ and a planar south pole surface ^4 ^to generate 

magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
420, the magnetic flux within magnet 224 is rectilinearly magnetized from south pole 
surface^24^ to convex north pole surface 224a as exemplary shown by the arrows in 
FIGS. 22A and 22B. Magnet 224 is disposed within air gap areafi^l^of loop pole piece 

10 121 with convex north pole surface^4'^facing concave inner diameter surface 125a of 
pole piece 125, and planar south pole surface 224b adjacently facing planar inner 
diameter surface 123b of pole piece 123 to enclose the magnetic flux from magnet 224 


within loop pole piece 121, and as a result, a magnetic field is established throughout air 
gap area 121b. Convex north pole surface^4^of magnet 224 spati-a^gatiallyl^ faces 
15 concave inner diameter surface 125a of pole piece 125 to define a working air gap area 

121d having a circular arcuate configuration therebetween. Alternatively, the present . u 


invention contemplates that concave south pole surface 224b can spatia ^atiallv l^ face 
planar inner diam e t e r surface 123b of pole piece 123. 

Still referring to HGS. 22A-22C, Hall effect device 18 is disposed within working 
20 air gap area 121c, and Hall effect device 118 is disposed within working air gap area 
121d. It is to be appreciated that Hall effect device 18 and Hall effect device 118 are 
operable to sense a different magnitude of magnetic flux density, respectively, for each 
degree of synchronized rotation of the magnetic field about rotational axes RA axis RA 
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over a definable range of rotation upward to 170 degrees. It is to be further appreciated 
that, for each degree of synchronized rotation of the magnetic field about rotational a^tes 
R Aaxis RA of a definable range of rotation upward to 170 degrees. Hall effect device 18 
and Hall effect device 118 are operable to\eithe3generate a voltage sensing signal as a 
5 function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18a and planar side surface 118a, respectively, and/or a voltage sensing signal as 
a function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18b and planar side surface 118b, respectively. 

Referring to FIGS. 23A-23C, a magnetic rotational position sensor 520 is shown. 

10 Magnetic rotational position sensor 520 comprises loop pole piece 121, magnet 124, and 
magnet 224 as previously described herein in connection with FIGS. 22A^d2^and 
accompanying text. Magnetic rotational position sensor 610 further comprises a magnet 
324 and a magnet 424. Magnet 324 is a permanent magnet having a convex north pole 
surface 324a, a concave south pole surface 324b, a planar south pole surface 324c, and a 

15 planar south pole surface 324d to generate magnetic flux (not shown). Prior to an 

assembly of magnetic rotational position sensor 520, the magnetic flux within magnet 
324 is rectilinearly magnetized from south pole surfaces 324b-324d to convex north pole 
surface 324a as exemplary shown by the arrows in FIGS. 23 A and 23B. Magnet 124 and 
magnet 324 are disposed within air gap area 121a with convex north pole surface 324a of 

20 magnet 324 facing concave inner diam e ter surface 122a of pole piece 122, concave south 
pole surface 324b of magnet 324 facing convex north pole surface 124a of magnet 124, 
planar south pole surface 124b of magnet 124 adjacently facing planar inner diam e ter 
surface 123a of pole piece 123, planar south pole surface 324c of magnet 324 adjacently 
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facing planar inner diameter surface 123a of pole piece 123, and planar south pole 
surface 324d of magnet 324 adjacently facing planar inner diamet e r surface 123a of pole 
piece 123 to enclose the magnetic flux from magnet 124 and the magnetic flux from 
magnet 324 within loop pole piece 121, and as a result, a magnetic field is established 
throughout air gap area 121a. Concave south pole surface 324b of magnet 324 
spato ^atially lj faces convex north pole surface 124a of magnet 124 to define a working 


air gap area 121e having a circular arcuate configuration therebetween. Alternatively, the 
present invention contemplates that planar south pole surface 124b can spatial^atiallyl^^ 
face planar inner diameter surface 123a of pole piece 123, planar south pole surface 324c 

10 can spatiat spatially face planar inner diameter surface 123a of pole piece 123, and/or 
planar south pole surface 324d can spafet spatially face planar inner diameter surface 
123a of pole piece 123. 

Still referring to FIGS. 23A-23C, magnet 424 is a permanent magnet having a 
convex P^'^ surface 424a, a concave south pole surface 424b, a planar south pole 

15 surf ace?^4^ and a planar south pole surface 424d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 520, the magnetic flux within 
magnet@24lslrectilinearly magnetized from south pole surfaces 424b-424d to convex 
north pole surface 424a as exemplary shown by the arrows in HGS. 23 A and 23B. 
Magnet 224 and magnet 424 are disposed within air gap area 121b with convex north 

20 pole surface 424a of magnet 424 facing concave inner diameter surface 125a of pole 
piece 125, concave south pole surface 424b of magnet 424X:onvex north pole surface 
224a of magnet 224, planar south pole surface 224b of magnet 224 adjacently facing 
planar inner diameter surface 123a of pole piece 123, planar south pole surface 424c of 
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magnet 424 adjacently facing planar inner diamet e r surface 123a of pole piece 123, and 
planar south pole surface 424d of magnet 424 adjacently facing planar inner diameter 
surface 123a of pole piece 123 to enclose the magnetic flux from magnet 224 and the 
magnetic flux from ^agnet424withi^ loop pole piece 121, and as a result, a magnetic 
5 field is established throughout air gap area 121b. Concave south pole surface 424b of 
magnet 424 spatial ^ atiallvT ^1'aces convex north pole surface 224a of magnet 224 to 
define a working air gap area 121f having a circular arcuate configuration therebetween. 
Alternatively, the present invention contemplates that planar south pole surface 224b can 
spati^ ^atially l^ face planar inner diameter surface 123a of pole. piece 123, planar south 

10 pole surface 424c can Sfat^a ^atiallv face planar inner diam e t e r surface 123a of pole 
piece 123, and/or planar south pole surface 424d can spatial spatiallv face planar inner 
diameter surface 123a of pole piece 123. 

Still referring to FIGS. 23A-23C, magnetic rotational position sensor 520 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 

15 lA and IB and accompanying text, and Hall effect device 118 as previously described in 
connection with FIGS. jlOA and lOfijand accompanying text. Hall effect device 18 is 
disposed within working air gap area 121e, and Hall effect device 1 18 is disposed within 
working air gap area 121f. It is to be appreciated that Hall effect device 18 and Hall 
effect device 1 18 are operable to sense a different magnitude of magnetic flux density, 

20 respectively, for each degree of synchronized rotation of the magnetic field about 

rotational ax e s RA axis RA over a definable range of rotation upward to 170 degrees. It is 
to be further appreciated that, for each degree of synchronized rotation of the magnetic 
field about rotational axes RA axis RA of a definable range of rotation upward to 170 
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degrees, Hall effect device 18 and Hall effect device 118 are operable to^th^generate a 
voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18a and planar side surface 118a, respectively, and/or 
a voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
5 passing through planar side surface 18b and planar side surface 1 18b, respectively. 

Referring to FIGS. 24A-24C, a magnetic rotational position sensor 620 is shown. 
Magnetic rotational position sensor 620 comprises loop pole piece 121 as previously 
described herein in connection with FIGS. 22 A and 22B and accompanying text. 
Magnetic rotational position sensor 620 further comprises magnet 524 and magnet 624^ 

10 Magnet 524 is a permanent magnet having a convex north pole surface 524a, and a planar 
south pole surface 524b to generate magnetic flux (not shown). Prior to an assembly of 
magnetic rotational position sensor 620, the magnetic flux within magnet 524_is 
rectilinearly magnetized from planar south pole surface 524b to convex north pole 
surface 524a as exemplary shown by the arrows in FIGS. 24A and 24B. Magnet 524 is 

15 disposed within air gap area 121a with convex north pole surface 524a facing concave 
inner diam e t e r surface 122a of pole piece 122, and planar south pole surface 524b facing 
planar inner diameter surface 123a of pole piece 123 to enclose the magnetic flux from 
magnet 524 within loop pole piece 121, and as a result, a magnetic field is established 
throughout air gap area 121a. Convex north pole surface 524a spatia l^ati al 1 y l^ faces 

20 concave inner diameter surface 122a of pole piece 122 to define a working air gap area 
^If^having a circular arcuate configuration therebetween, and planar south pole surface 
524b ^pati ^spatiall v l^ faces planar inner diamet e r surface 123a of pole piece 123 to 
provide an additional spacing within air gap area 121a. 
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Still referring to FIGS. 24A-24C, magnet 624 is a permanent magnet having a 
convex north pole surface 624a, and a planar south pole surface 624b to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
620, the magnetic flux within magnet 624 is rectilinearly magnetized from planar south 
5 pole surface 624b to convex north pole surface 624a as exemplary shown by the arrows 
in HGS. 24A and 24B. Magnet 624_is disposed within air gap area 121b with convex 
north pole surface 624a facing concave inner diameter surface 125a of pole piece 125, 
and planar south pole surface 624b facing planar inner diam e ter surface 123b of pole 
piece 123 to enclose the magnetic flux from magnet 624 within loop pole piece 121, and 

10 as a result, a magnetic field is established throughout air gap area 121b. Convex north 
pole surface 624a spatk ^atiallv l^ faces concave inner diamet e r surface 125a of pole 
piece 125 to define a working air gap area 121 ^ 121h having a circular arcuate ^ A>klL 
configuration therebetween, and planar south pole surface 624b spati^ patiallv l^l'aces 
planar inner diam e t e r surface 123b of pole piece 123 to provide an additional spacing 

15 within air gap area 121b. 

Still referring to FIGS. 24A-24C, magnetic rotational position sensor 620 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A and IB and accompanying text, and Hall effect device 1 18 as previously described in 
connection with FIGS.|ij3A and lOQ and accompanying text. Hall effect device 18 is 

20 disposed within working air gap area 121g, and Hall effect device 1 18 is disposed within 
working air gap area I2l\^ It is to be appreciated that Hall effect device 18 and Hall 
effect device 1 j-8-a ^l8 in operable to sense a different magnitude of magnetic flux 
density, respectively, for each degree of synchronized rotation of the magnetic field about 
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rotational axes RA axis RA over a definable range of rotation upward to 170 degrees. It is 
to be further appreciated that, for each degree of synchronized rotation of the magnetic 
field about rotational axes RA axis RA of a definable range of rotation upward to 170 
degrees, Hall effect device 18 and Hall effect device 118 are operable tc^ithe^generate a 
5 voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18a and planar side surface 1 18a, respectively, and/or 
a voltage sensing signal as a function of the magnetic flux density of the magnetic flux 
passing through planar side surface 18b and planar side surface 1 18b, respectively. 

Referring to FIGS. 25A-25C, a magnetic rotational position sensor 30 is shown. 

10 Magnetic rotational position sensor 30 comprises a loop pole piece 31, a magnet 35, a 
magnet 135, an optional auxiliary pole piece 34, and Hall effect device 18 as previously 
described in connection with FIGS. 1 A and IB and accompanying text. Loop pole piece 
31 includes a circular arcuate pole piece 32, and a circular arcuate pole piece 33 serially 
adjoined in a closed configuration to define an air gap areai21^ Preferably, pole piece 32 

15 and pole piece 33 are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon 
steel. Pole piece 32 and pole piece 33 concentrically align with rotational axis RA as best 
shown in FIG. 25C, and concave inner diameter surface 32a of pole piece 32 and a 
concave inner diam e t e r surface 33a of pole piece 33 radially extend from are swept out 
bv the outer end of a radius having its opposite end located on -rotational axis RA and that 

20 extends circumferentiallv over approximately 180 degrees to facilitate a rotation of loop 
pole piece 31 about rotational axis RA over a definable range of rotation upward to 360 
degrees. 
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Still referring to FIGS. 25A-25C, magnet 35 is a permanent magnet having a 
convex north pole surface 35a, a concave south pole surface 35b, a planar south pole 
surface 35c, and a planar south pole surface 35d to generate magnetic flux (not shown). 
Magnet 135 is also a permanent magnet having a convex south pole surface 135a, a 
5 concave north pole surface 135b, a planar north pole surface 135c, and a planar north 
pole surface 135d to generate magnetic flux (not shown). Prior to an assembly of 
magnetic rotational position sensor 30, the magnetic flux within magnet 35 is 
rectilinearly magnetized from south pole surfaces 35b-35d to convex north pole surface 
35a, and the magnetic flux within magnet 135 is rectilinearly magnetized from convex 

10 south pole surface 135a to north^ole^ui^c^ 135b-135d as exemplary shown by the 
arrows in FIGS.|lA and ll^. Magnet 35, magnet 135, and auxiliary pole piece 34 are 
disposed within air gap area 31a of loop pole piece 31 with convex north pole surface 35a 
of magnet 35 facing concave inner diameter surface 32a of pole piece 32, convex south 
pole surface 135a of magnet 135 facing concave inner diam e ter surface 33a of pole piece 

15 33, concave south pole surface 35b of magnet 35 adjacently facing convex outer surface 
34a of auxiliary pole piece 34, concave north pole surface 135b of magnet^l^^djacently 
facing convex outer surface 34b of auxiliary pole piece 34, planar south pole surface 35c 
of magnet 35 adjacently facing planar north pole surface 135d of magnet 135, and planar 
south pole surface 35d of magnet 35 adjacently facing planar north pole surface 135c of 

20 magnet 135 to enclose the magnetic flux from magnet 35 and the magnetic flux from 
magnet 135 within loop pole piece 31, and as a result, a magnetic field is established 
throughout air gap area 31a as exemplary shown in FIGS. 27A-27C. Convex north pole 
surface 35a of magnet 35 spatia ^atiallv l^^aces concave inner diameter surface 32a of 
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pole piece 32 to define a working air gap area 31b having a circular arcuate configuratio; 


ration t. 


therebetween, and convex south pole surface 135a of magnet 135 spati ^pati all y l^ faces 
concave inner diameter surface 33a of pole piece 33 to define a working air gap area 31c 
having a circular arcuate configuration therebetween. Alternatively, the present invention^^^^^ 
5 contemplates that concave south pole surface 35b of magnet 35 spafe ^atially ly facing]^ | '^^^^^ 
convex outer surface 34a of auxiliary pole piece 34, concave north pole surface 135b of 
magnet(3 1 5jspatml §)ati al 1 y ly facini^;onvex outer surface 34b of auxiliary pole piece 34, 
planar south pole surface 35c of magnet 35 spatial ^atiallv lv facin^^^lanar north pole 
surface 135d of magnet 135, and/or planar south pole surface 35d of magnet 35 
10 spatial | patially ly facin^planar north pole surface 135c of magnet 135. In addition, the 
present invention contemplates that magnet 35 and magnet 135 can be unitarily fabricated 

V 

to constitute single magnet, e.g. a loop magnet. The present invention further 
contemplates that a ferromagnetic control shaft may replace auxiliary pole piece 34 when 
auxiliary pole piece 34 is excluded from an embodiment of magnetic rotational position 
15 sensor 30. 

Still referring to FIGS. 25A-25C, Hall effect device 18 is disposed in_air gap area 
31a and locatable within contiguous working air gap area 31b and working air gap area 
31c. It is to be appreciated that Hall effect device 18 is operable to sense a magnetic flux 
density of any magnetic flux passing through Hall effect device 18 via a planar side 
20 surface 18a and a planar side surface 18b of Hall effect device 18. Hall effect device 18 
is further operable to^the"3generate^ithe^a voltage sensing signal as a function of the 
magnetic flux density of any magnetic flux passing through planar side surface 18a 
and/or a voltage sensing signal as a function of the magnetic flux density of any magnetic 
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flux passing through planar side surface 18b. The present invention contemplates that a 
second Hall effect device, e.g. Hall effect device 118 (FIGS. 8A and 8B) can disposet^'air 
gap area 31a and locatable within working air gap area 31b and working air gap area 31c. 
Accordingly, the second Hall effect device'^would be offset from Hall effect device 18, 

5 e.g. a ninety (90) degree phase shift. 

Referring to HGS. 26A and 26B, an exemplary adjoining of magnetic rotational 
position sensor 30 to cylindrical control shaft 1 (being made from a ferromagnetic 
material) is shown. Magnetic rotational position sensor 30 is assembled as previously 
described in connection with FIGS. 25A-25C and accompanying text within a container 

10 6. A lid 7 is adjoined to container 6 to house pole piece 31, and a cover 8 is adjoined to 
magnet 35, magnet 135, and auxiliary pole piece 34. Container 6, and lid 7 are adjoined 
to outer diamet e r surface la of cylindrical control shaft 1 to adjoin loop pole piece 31, 
magnet 35, magnet 135, and auxiliary pole piece 34 to cylindrical control shaft 1 and to 
coincide rotational axis RA (HG. 25C) with a longitudinal axis LA of cylindrical control 

15 shaft 1. It is to be appreciated that loop pole loop pole piece 31, magnet 35, magnet 135, 
and auxiliary pole piece 34 will synchronously rotate about coinciding rotational axes 
LA/RA as cylindrical control shaft 1 is rotated about coinciding rotational axes LA/RA, 
and as a result, each degree of rotation of cylindrical control shaft 1 about coinciding 
rotational axes LA/RA exclusively corresponds to a distinct degree of synchronized 

20 rotation of the magnetic field(s) (not shown) established throughout air gap area 31a 

(FIGS. 25A and^5C| about coinciding rotational axes LA/RA over a definable range of 
rotation upward to 360 degrees. 
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Referring to FIGS. 27A-27C, diagranrunatic illustrations of loop pole piece 31, 
magnet 35, magnet 135, auxiliary pole piece 34, and a magnetic field synchronously 
rotating with cylindrical control shaft 1 about coinciding rotational axes LA/RA over a 
definable range of rotation upward to 360 degrees is shown. To sense each degree of 
5 rotation of cylindrical control shaft 1 about coinciding rotational axes LA/RA over a 360 
degree range of rotation, it is to be appreciated that the magnetic flux density of any 
magnetic flux passing through Hall effect device 18 via planar side surface 18a (FIG. 
25 A) and planar side surface 18b (FIG. 25B) must be different for each diametric degree 
of synchronized rotation of the magnetic field about coinciding rotational axes LA/RA. 

10 As previously described herein, the magnetic flux within magnet 35 from south pole 

surfaces 35b-35d (FIG. 25B) to convex north pole surface 35a (FIG. 25A) and the magnet 
flux within magnet 135 is rectilinearly magnetized from convex south pole surface 135a 
(FIG. 25 A) to north pole surfaces 135b-135d (FIG. 25B) prior to the assembly of 
magnetic rotational position sensor 30. Upon the disposal of magnet 35, magnet 135, and 

15 auxiliary pole piece 34 within loop pole piece 31, the arcuate configurations of working 
air gap area 31b and working air gap area^Qrealign the magnetization of the magnetic 
flux within magnet 35 and magnet 135 as exemplary^in FIGS. ^A-25Cjto facilitate a 
sensing of a different magnitude of magnetic flux density by Hall effect device 18 for 
each diametric degree of synchronized rotation of the magnetic field about coinciding 

20 rotational axes LA/RA as evidenced by the positioning of Hall effect device 18 

throughout working air gap area 31b along a radial path RP radially extending from 
coinciding rotational axes LA/RA. The arcuate configurations of working air gap area 
31b and working air gap area 31c are circular to facilitate a symmetrical balancing of the 
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magi ^Uc fl^^f the magnetic field throughout air gap area 31a as shown in FIGS.(3A- 
3^ Planar side surface 18a and planar side surface 18b of Hall effect device 18 are 
perpendicular to concave inner diamet e r surface 32a (FIGS. 25 A and IB) of pole piece 
32 and to convex north pole surface 35a (FIG. 25A) of magnet 35 when located within 
working air gap area 31b and are perpendicular to concave inner diameter surface 33 a ^^^^ 


(HGS. 25A and IB) of pole piece 32 and to convex south pole surface 135a (FIG.^^ 
of magnet 135 when located within working air gap area 31c as loop pole piece 31, 
magnet 35, magnet 135, and auxiliary pole piece 134 are synchronously rotated about 
coinciding rotational axes LA/RA to facilitate a uniform differential of the magnetic flux 

10 passing through Hall effect device 18 for each diametric degree of synchronized rotation 
of control shaft 1 and the magnetic field about coinciding rotational axes LA/RA over a 
360 degree range of rotation within working air gap area 31b and within working air gap 
area 31c.^Thus, it is to be appreciated that Hall effect device 18 is operable to sense a 
different magnitude of magnetic flux density for each diametric degree of synchronized 

15 rotation of control shaft 1 and the magnetic field about coinciding rotational axes LA/RA 
over a 360 degree range of rotation. It is to be further appreciated that, for each diametric 
degree of synchronized rotation of control shaft 1 and the magnetic field about coinciding 
rotational axes LA/RA over a 360 degree range of rotation. Hall effect device 18 is 
operable to^the^generate a voltage sensing signal Vssi as a function of the magnetic 

20 flux density of the magnetic flux passing through planar side surface 18a as shown in 
HG. 27D and/or a voltage sensing signal Vss2 as a function of the magnetic flux density 
of the magnetic flux passing through planar side surface 18b as shown in FIG. 27D. 
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Referring to HGS. 28A-28C, a magnetic rotational position sensor 130 is shown. 
Magnetic rotational position sensor(23^comprises loop pole piece 31, magnet 35, magnet 


135, and optional auxiliary pole piece 34 as previously described in connection with 
FIGS. 25A-25C and accompanying text. Magnetic rotational position sensor 130 further 

5 comprises a magnet 235, and a magnet 335. Magnet 235 is a permanent magnet having a 
convex north pole surface 235a, a concave south pole surface 235b, a planar south pole 
surface 235c, and a planar south pole surface 235d to generate magnetic flux (not shown). 
Magnet 335 is also a permanent magnet having a convex south pole surface 335a, a 
concave north pole surface 335b, a planar north pole surface 335c, and a planar north 

10 pole surface 335d to generate magnetic flux (not shown). Prior to an assembly of 
magnetic rotational position sensor 130, the magnetic flux within magnet 235 is 
rectilinearly magnetized from south pole surfaces 235b-235d to convex north pole 
surface 235a, and the magnetic flux within magnet 335 is rectilinearly magnetized from 
convex south pole surface 335a to north pole surfaces 335b-335d as exemplary shown by 

15 the arrows in FIGS. 28A and 28B. Magnet 23^ynd magnet 335 are disposed within air 
gap area 31a of loop pole piece 31 with convex north pole surface 235a of magnet 235 
adjacently facing concave inner diameter surface 32a of pole piece 32, convex south pole 
surface 335a of magnet 335 adjacently facing concave inner diam e t e r surface 33a of pole 
piece 33, concave south pole surface 235b of magnet 235 facing convex north pole 


20 surface 35a of magnet 35, concave north pole surface 335b of magnet\315jfacing convex 
south pole surface 135a of magnet 135, planar south pole surface 235c of magnet 235 
adjacently facing planar north pole surface 335d of magnet 335, and planar south pole 
surface 235d of magnet 235 adjacently facing planar north pole surface 335c of magnet 
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335 to enclose the magnetic flux from magnet 235 and the magnetic flux from magnet 

335 within loop pole piece 31, and as a result, a magnetic field is established throughout 

32^ 


air gap area 31a. Concave south pole surface 235b of magnet 235 spato )|pati all y 1^ faces 
convex north pole surface 35a of magnet 35 to define a working air gap area 3 Id having a 
circular arcuate configuration therebetween, and concave seuthnorth-pole surface ^35^of 
magnet 335 spatie ^atially lylfaces convex fterthsouth-pole surface 135a of magnet 135 
to define a working air gap area^l^naving a circular arcuate configuration 
therebetween. Alternatively, the present invention contemplates that planar south pole 
surface 235c of magnet 235 spatie jspatiallv l^face planar north pole surface 335d ^\(^ -faceS 


10 magnet 335, and planar south pole surface 235d of magnet 235 spatol ^atiallv ly face] 
planar north pole surface 335c'! In addition, the present invention contemplates magnet 
235 and magnet 335 can be unitarily fabricated to constitute a single magnet. 

Still referring to FIGS. 28A-28C, Hall effect device 18 is disposed in_air gap area 
31a and locatable within contiguous working air gap area 3 Id and working air gap area 

15 31e. It is to be appreciated that Hall effect device 18 is operable to sense a different 

magnitude of magnetic flux density for each diametric degree of synchronized rotation of 
the magnetic field about rotational axes RA axis RA over a 360 range of rotation. It is to 
be further appreciated that, for each degree of synchronized rotation of the magnetic field 
about rotational axes RA axis RA over the 360 degree range of rotation. Hall effect device 

20 18 and Hall effect devic e 118 are is_operable to^the^generate a voltage sensing signal as 
a function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18a and planar side surface 118a, respectively, and/or a voltage sensing signal as 
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a function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18b and planar side surface 118b, r e spectively . 

Referring to FIGS. 29A-29C, a magnetic rotational position sensor 230 is shown. 
Magnetic rotational position sensor 230 comprises loop pole piece 31, magnet 35, magnet 
5 135, and optional auxiliary pole piece 34 as previously described in connection with 
FIGS. 25A-25C and accompanying text. Magnetic rotational position sensor(l3Qlfurther 
comprises a magnet 435, and a magnet 535. Magnet 435 is a permanent magnet having a 
convex north pole surface 435a, a concave south pole surface 435b, a planar south pole 
surface 435c, and a planar south pole surface 435d to generate magnetic flux (not shown). 

10 Magnet 535 is also a permanent magnet having a convex south pole surface 535a, a 
concave north pole surface 535b, a planar north pole surface 535c, and a planar north 
pole surface 535d to generate magnetic flux (not shown). Prior to an assembly of 
magnetic rotational position sensor 230, the magnetic flux within magnet 435 is 
rectilinearly magnetized from south pole surfaces 435b-435d to convex north pole 

15 surface 435a, and the magnetic flux within magnet 535 is rectilinearly magnetized from 
convex south pole surface 535a to north pole surfaces 535b-535d as exemplary shown by 
the arrows in FIGS. 29A and 29B. Magnet 435, and magnet 535_are disposed within air 
gap area 31a of loop pole piece 31 with convex north pole surface 435a of magnet 435 
facing concave inner diameter surface 32a of pole piece 32, convex south pole surface 

20 535a of magnet 535_facing concave inner diameter surface 33a of pole piece 33, concave 
south pole surface 435b of magnet 435_facing convex north pole surface 35a of magnet 
35, concave north pole surface 535b of magnet 535 facing convex south pole surface 
135a of magnet 135, planar south pole surface 435c of magnet 435 adjacently facing 
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planar north pole surface 535d of magnet 535, and planar south pole surface 435d of 
magnet 435 adjacently facing planar north pole surface 535c of magnet 535_to enclose the 
magnetic flux from magnet 435 and the magnetic flux from magnet 535 within loop pole 
piece 31, and as a result, a magnetic field is established throughout air gap area 31a. 
Concave south pole surface 435b of magnet 435 spat»a< |patially l^ faces convex north 
pole surface 35a of magnet 35 to define a working air gap area 31g having a circular 
arcuate configuration therebetween, concave south north -pole surface^35^of magnet 535 


spatja ^patiallyl ^^aces convex nofth south- pole surface&35'^of magnet^5\to define a 
working air gap area 31h having a circular arcuate configuration therebetween, convex 


10 north pole surface 435a of magnet 435 spatia ^atiall v i^ faces concave inner diameter 

surface 32a of pole piece 32 to define a working air gap area 3 If having a circular arcuate 

configuration therebetween, and convex south pole surface 535a of magnet 
— — 1^ 

5 3 5spat^a ^at i al I y 1 y| f aces concave inner diameter surface 33a of pole piece 33 to define 
a working air gap area 31i having a circular arcuate configuration therebetweei]^ rr^vt 
15 Alternatively, the present invention contemplates that planar south pole surface 435c of 
magnet435spatta ^atiallv lv fa^planar north pole surface 535d of magnet 535, and 
planar south pole surface 435d of magnet 435 spatia ^atially ly fac^ planar north pole 
surface 535c. In addition, the present invention contemplates that magnet 435 and 


magnet 535 can be unitarily fabricated to constitute a single magnet. 


Still referring to FIGS. 29A-29C, Hall effect device 18 is disposed air gap area 
31a and locatable within working air gap area 3 If and working air gap area 31i. Hall 


King air 


effect device 1 18 is disposed air gap area 31a and locatable within working air gap area 
31g and working air gap area 31h. It is to be appreciated that Hall effect device 18 and 
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Hall effect device 1 18 are operable to sense a different magnitude of magnetic flux 
density, respectively, for each diametric degree of synchronized rotation of the magnetic 
field about rotational axes RA axis RA over a 360 degree range of rotation. It is to be 
further appreciated that, for each degree of synchronized rotation of the magnetic field 

5 about rotational axe s RA axis RA a 360 degree range of rotation. Hall effect device 18 
and Hall effect device 118 are operable to^the^generate a voltage sensing signal as a 
function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18a and planar side surface 118a, respectively, and/or a voltage sensing signal as 
a function of the magnetic flux density of the magnetic flux passing through planar side 

10 surface 18b and planar side surface 118b, respectively. 

While the present invention has been illustrated and described in detail in the 
drawings and foregoing description, the same is to be considered as illustrative and not 
restrictive in character, it being understood that the preferred embodiments have been 
shown and described and that all changes and modifications that come within the spirit of 

15 the invention are desired to be protected. 
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A magnetic rotational position sensor comprises a loop pole piece, at least one [or more] 
magnet[s], and at least one [or more] magnetic flux sensitive transducers[, and may further 
include an auxiliary pole piece]. The magnet[(s)] is_[are] disposed within an air gap [area] of 
the loop pole piece to establish a [encloselmagnetic field through the air gap and to enclose 
magnetic flux within the loop pole piece. [flux within the loop pole piece. A magnetic field is 
thereby established throughout the air gap area.] A control shaft is rotatable about a first 
[rotational] axis[over a definable range of rotation,] and the loop pole piece and the 
magnet[(s)] are adjoined to the control shaft to synchronously rotate the [established] 
magnetic field about a second [rotational] axis. A working air gap area is defined within the 
air gap area of the loop pole piece between a pole surface of the[a] magnet and an inner 
[ diamet e r] surface of the loop pole piece[, between opposing pole surfaces of a pair of 
magnets, or between a pole surface of a magnet and a surface of an auxiliary pole piece. 
Each working air gap area is arcuately configured]. A magnetic flux sensitive transducer is 
disposed within the[that working] air gap [area is therefore operable]to sense a 
[different] magnitude of magnetic flux density [passing through the magnetic flux sensitive 
transducer]as the control shaft and the magnetic field are synchronously rotated[over the 
definable range of rotation]. 
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magnetic rotational position sensor comprises a loop pole piece, one or more 
magnets, and one or more magnetic flux sensitive transducers, and may further include an 
auxiliary pole piece. The magnet(s) are disposed within an air gap area of the loop pole 
5 piece to enclose magnetic flux within the loop pole piece. A magnetic field ate^is thereby 
established throughout the air gap area. A control shaft is rotatable about a first 
rotational axis over a definable range of rotation, and the loop pole piece and the 
magnet(s) are adjoined to the control shaft to synchronously rotate the established 
magnetic field about a second rotational axis. A working air gap area is defined within 

10 the air gap area of the loop pole piece between a pole surface of a magnet and an inner 
diam e t e r surface of the loop pole piece, between opposing pole surfaces of a pair of 
magnets, or between a pole surface of a magnet and a surface of an auxiliary pole piece. 
Each working air gap area is arcuately configured. A magnetic flux sensitive transducer 
disposed within that working air gap area is therefore operable to sense a different 

15 magnitude of magnetic flux density passing through the magnetic flux sensitive 

transducer as the control shaft and the magnetic field are synchronously rotated over the 
definable range of rotation. ( 


20 


95 


